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Summary
While the technique o f  Trager and Jensen (1976) a l lows  the in 
v i t r o  c u l t i v a t i o n  o f  the asexua l  e r y t h r o c y t i c  s tages  o f  P. 
fa lc ip a ru m , t h i s  method does have a number o f  l i m i t a t i o n s .  Most 
i s o l a t e s  o f  P. f a l c i p a r u m  grow p o o r l y  d u r in g  the  f i r s t  weeks o f  
c u l t i v a t i o n  and only, some new i s o l a t e s  can e v e n t u a l l y  be 
e s t a b l i s h e d  i n  c u l t u r e .  Methods to  in c re a s e  the  p r o p o r t i o n  o f  
i s o l a t e s ,  and a l s o  the  number o f  i n d i v i d u a l  p a r a s i t e s  w i t h i n  an 
i s o l a t e  wh ich c o u ld  be e s t a b l i s h e d  i n  long  te rm  c u l t u r e  were 
s tud ied .
C u l t u re s  o f  P. f a l c i p a r u m  showed in c re a s e d  m u l t i p l i c a t i o n
ra tes  in  the presence o f  a feeder c e l l  layer  o f  mouse per i tonea l  
X W C S )
wash c e l l s  and w i t h i n  t h i s  p o p u la t i o n  the  adheren t  (macrophage 
e n r ic h e d )  p o p u la t i o n  was the most im p o r t a n t  i n  p ro m o t in g  t h i s  
increase.
New is o la te s  o f  FL_ fa lc iparum adapted to c u l tu re  more read i ly  
in  the presence o f  a feeder c e l l  layer  o f  PWCS. Th ir teen iso la tes  
were tested and only 3 were es tabl ished in  c u l tu re  in  the absence 
o f  PWCS. A f u r t h e r  6, however were adapted when c u l t u r e d  w i t h  
PWCS. Three o f  the  4 i s o l a t e s  wh ich were no t  e s t a b l i s h e d  in  
c u l t u r e  w i th  PWCS were known to have been taken from pa t ien ts  who 
had been t rea ted  w i th  a n t im a la r ia l s  and the re fo re  the v i a b i l i t y  o f  
these paras i tes  at  the t ime o f  cu l tu re  was quest ionable.  This was 
c o n f i r m e d  by the  f a c t  t h a t  these p a r a s i t e s  d id  no t  comple te  a 
s in g le  asexual cycle .
The e f f e c t  o f  PWCS in  the a d a p ta t i o n  o f  new i s o l a t e s  o f  P. 
fa lc iparum to  long term cu l tu re  was examined. I t  was found tha t
(iii)
the presence o f  PWCS led to  the preservat ion o f  a g reater  degree 
o f  pa ras i te  d i v e r s i t y  than tha t  which was achieved under standard 
c u l tu re  cond i t ions .  The presence o f  a feeder c e l l  laye r  o f  mouse 
PWCS when c l o n i n g  new i s o l a t e s  o f  P^ f a l c i p a r u m  (by l i m i t i n g  
d i l u t i o n )  l e d  t o  g r e a t l y  in c re a s e d  c l o n i n g  e f f i c i e n c y .  S ix teen  
c lo nes  were produced from i s o l a t e  AF us ing  t h i s  method. These 
clones were examined using a panel o f  monoclonal ant ibod ies  and 
t d i f f e r e n t  a n t i g e n i c  types  were observed.  In  an a t te m p t  to  
s t r e a m l i n e  t h i s  c l o n i n g  techn ique  the f e a s i b i l i t y  o f  us ing 
c r y o p r e s e r v e d  PWCS was i n v e s t i g a t e d .  Th is  was n o t ,  however,  
s u c c e s s f u l  as the  a b i l i t y  o f  c ryo p re s e rv e d  PWCS to  promote an 
increase in  pa ra s i te  growth decl ined ra p id ly  dur ing storage at  -  
70°C, probably due to  a decrease in  macrophage v i a b i l i t y .
The use o f  PWCS as feeder c e l l s  f o r  c u l tu res  o f  P. fa lc iparum 
does have a number o f  disadvantages. I t  would be s im p le r  and more 
convenient i f  an a l t e r n a t i v e  feeder c e l l  which grown c on t in ua l ly  
c ou ld  be found,  d i s p e n s in g  w i t h  the need to  use mice as a source 
o f  PWCS. Three human c e l l  l i n e s  (Raj i ,  K562 and 143) were tested 
as p o t e n t i a l  f eede r  c e l l s ,  but  they  were unable  t o  promote an 
increase in  p a ras i te  m u l t i p l i c a t i o n .  However a f i b r o b l a s t  l i k e  
c e l l  l i n e  der ived from the mountain vole (Micro tus montanus) was 
as e f f e c t i v e  as PWCS in  p rom o t ing  an in c re a s e  i n  p a r a s i t e  
m u l t i p l i c a t i o n .  Medium precondi t ioned by PWCS and stored at  -20°C 
before use was not e f f e c t i v e  in  promoting an increase in  paras i te  
m u l t i p l i c a t i o n .  Medium p r e c o n d i t i o n e d  by PWCS and used 
im m e d ia te l y  p romoted some in c re a s e  i n  p a r a s i t e  m u l t i p l i c a t i o n  
however. This suggests tha t  a growth and/or v i a b i l i t y  fac to r  was 
produced by the PWCS and tha t  t h i s  fa c to r  was unstable.
(iv)
An increase in  the m u l t i p l i c a t i o n  ra te  was also achieved in  
t h e  absence o f  f e e d e r  c e l l s  when c u l t u r e s  o f  P. f a l c i p a r u m  were 
grown in  medium which was supplemented w i th  L -cys te ine  at  12 hour 
i n t e r v a l s .  Th is  e f f e c t  was no t  SO marked when medium was 
supp lemented  w i t h  2 -m e rc a p to e th a n o l .  I t  was conc luded t h a t  at  
l e a s t  one r o l e  o f  PWCS and M. montanus c e l l s  i n  the  p rom o t ion  o f  
p a r a s i t e  g ro w th  and m u l t i p l i c a t i o n  ijn v i t r o  i s  the  con t inuous  
product ion o f  cyste ine .
CHAPTER 1
INTRODUCTION
2General I n t r o d u c t io n
In 1955 the e ighth  World Heal th Assembly adopted a po l icy  o f  
m a l a r i a  e r a d i c a t i o n .  By the e a r l y  1970's e x te n s i v e  e r a d i c a t i o n  
campaigns had shown c o n s id e r a b le  successes i n  Europe, North  
A m er ica ,  U.S.S.R., A u s t r a l i a ,  p a r t s  o f  the  Near East,  Asia and 
South America. Since 1974, however, the number o f  reported cases 
o f  m a la r i a  i n  p a r t s  o f  S.E. As ia  and Mid Amer ica has been 
in c reas ing  [WHO 1985].
I n t e r r u p t i o n  o f  t r a n s m is s io n  o f  ma la r ia  paras i tes  by house 
s p r a y in g  w i t h  r e s i d u a l  i n s e c t i c i d e s  was the  base o f  the W.H.O. 
m a la r ia  e rad ic a t ion  campaign. I n i t i a l l y  DDT was widely  used fo r  
r e s i d u a l  house s p ra y in g ,  but as r e s i s t a n c e  to  DDT developed,  
o rganophosphates  (e.g. M a la th io n )  and carbamates (e.g. Propoxur)  
were also used. Organophosphate and carbamate i n s e c t i c i d e s  are 
c o n s i d e r a b l y  more e x p e n s i v e  t h a n  DDT m ak ing  t h e i r  use 
p r o h i b i t i v e l y  expensive fo r  some coun tr ies .  The e f fec t iveness  o f  
r e s id u a l  spraying o f  houses la rg e ly  depends on the indoor res t ing  
h ab i ts  o f  the mosquitoes. I t  has become inc rea s ing ly  obvious tha t  
many mala r ia  vec tors  espec ia l ly  i n  Centra l  and South America and 
South East Asia are exoph i l ic  ( i .e .  res t  outs ide)  so tha t  res idua l  
house spraying i s  o f  l i t t l e  use in  reducing malar ia  t ransmission. 
A n o th e r  p rob lem w i t h  house s p ra y in g  i s  t h a t  i t  may lead to  
a l t e r a t i o n s  in  vector  behaviour. I t  may k i l l  the endoph i l i c  ( i .e.  
indoor re s t in g )  p o r t ion  o f  the vec to r  popula t ion,  and in  so doing 
reduce the  c o m p e t i t i o n  between the  la r v a e  o f  e n d o p h i l i c  and 
e x o p h i l i c  a d u l t s  le a d in g  to  an in c re a s e  i n  the  e x o p h i l i c  and 
poss ib ly  exophagic vector  populat ions.
3Thus a f t e r  a number o f  years o f  house spraying, malar ia  may 
become a prob lem aga in  because o f  a l a r g e  ou tdoor  b i t i n g  and 
r e s t i n g  v e c t o r  p o p u la t i o n ,  as has been the  case i n  p a r t s  o f  S. 
America. Case diagnosis  and drug t reatment play a large ro le  in  
m a la r ia  c o n t ro l ,  but  drug res is tance o f  Plasmodium falc iparum is  
expand ing  r a p i d l y  caus ing  d i f f i c u l t i e s  i n  chemotherapy and 
chemoprophylaxis.
At the moment F\_ fa lc iparum i s  r e s i s t a n t  in  varying degrees 
t o  a l l  a v a i l a b l e  a n t i m a l a r i a l  drugs e.g. q u i n i n e ,  c h lo ro q u in e ,  
s u l f a d o x i n e  and p y r im e th a m in e ,  and m e f lo q u in e .  Ch lo roqu ine  
res is tance  was f i r s t  repor ted in  Colombia and also Thailand in  the 
l a t e  1950's and i s  now widespread in  Southeast Asia, the Western 
P a c i f i c ,  C e n t r a l  and South East I n d i a ,  East and West A f r i c a  and 
South America.
The W.H.O. m a la r i a  e r a d i c a t i o n  campaign d id  not  t h e r e f o r e  
succeed due to  a d m in is t ra t i v e  and f i n a n c ia l  problems which were 
aggravated by the rap id  spread o f  res is tance to  in sec t i c id es ,  by 
a l t e r a t i o n s  i n  v e c t o r  behav iou r  and the  appearance o f  drug 
r e s i s t a n t  paras i tes .
3.5 m i l l i o n  cases o f  malar ia were reported in  1983 (excluding 
A f r i c a  sou th  o f  the  Sahara) [W.H.O. 1985].  M a la r i a  rema ins  a 
m a jo r  p u b l i c  h e a l t h  prob lem f o r  a l a r g e  p a r t  o f  the  w o r ld ' s  
p o p u la t i o n  and p laces  c o n s id e ra b le  c o n s t r a i n t s  on s o c i a l  and 
economic development in  a f fec ted  areas.
I t  i s  now apparent tha t  present c on t ro l  methods are not only 
p r o h i b i t i v e l y  expens ive  but  i n  many areas o f  the  w o r ld  are no
4longer  adequate. There i s  an urgent need fo r  new c o n t ro l  measures 
and a g rea te r  understanding o f  a l l  aspects o f  malar ia  i n fe c t io n s  
and pa ras i tes  w i l l  even tua l l y  c o n t r ib u te  towards th is .
The Discovery o f  Malar ia  Parasi tes
In 1880 Laveran f i r s t  descr ibed the crescent shaped bodies we 
now know to  be gametocytes o f  Plasmodium fa lc iparum in  the blood 
o f  a m a la r i a  p a t i e n t  and these  f i n d i n g s  were subse quen t l y  
conf i rmed by Marchiafa/au and C e l l i  (1883). Ross demonstrated the 
mosqui to t ransmiss ion  o f  b i rd  mala r ia  in  1898 [Manson 1898] and 
t h i s  was c o n f i r m e d  f o r  human m a la r i a  by G rass i  i n  the  same year 
( re v ie w e d  by H a r r i s o n  1978). I t  was no t  u n t i l  1948 when S h o r t t  
and Garnham descr ibed exoe ry th rocy t ic  schizonts  in  the l i v e r s  o f  
in fe c te d  monkeys and subsequently i n  humans [S ho r t t  and Garnham 
1948 , Shor t t  et  a l . 1948, 1931] t h a t  the basic l i f e  cyc le o f  the 
m a la r ia  pa ras i te  was eluc idated.
Over 100 species o f  Plasmodium have now been descr ibed in  a 
wide v a r ie t y  o f  ver tebra te  hosts such as rodents, pr imates,  b i rds  
and r e p t i l e s .  Four species o f  Plasmodium normal ly  cause malar ia  
i n  man, Plasmodium v ivax , P. ova le , P. malar iae and fa lc ipa rum , 
the l a s t  being the most l i f e  th rea ten ing  in fe c t io n .
L i f e  Cycle
The l i f e  c y c le  o f  human m a la r i a  p a r a s i t e s  as known a t  the  
present t ime i s  descr ibed below, and i l l u s t r a t e d  in  Figure 1.
The i n f e c t i o n  beg ins  when an i n f e c t e d  fema le  anophe l ine  
mosqui to b i te s  a s u i ta b le  host. Sporozoi tes are in jec ted  in to  the
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5a merozoites re invade red blood cells; 6 macrogametocytes,
7 microgametocytes; 6a macrogamete; 7a gametocytes taken into 
stomach with blood meal; 7b microgametes; 8 zygote; 9 ookinete 
penetrates midgut wail of mosquito to develop into an oocyst,
10 sporogony, I I  oocyst ruptures to release sporozoites which enter 
salivary gland; 12 sporozoites in salivary gland are injected into man 
with saliva of mosquito.
6host 's blood stream where they remain f o r  15 to 60 minutes [Sinden 
& Sm i th  1982].  P a ra s i t e s  move i n  the  b loods t ream  to  the  l i v e r  
where they are e i th e r  taken up by Kupf fer  c e l l s  and then a c t i v e l y  
invade hepatocytes [Smith et  a l .  1981] or they enter hepatocytes 
d i r e c t l y  [S h o r t t  1948].
Once in  the hepatocytes the pa ras i te  grows and develops in to  
an e x o e r y t h r o c y t i c  s c h i z o n t  [Garnham 1966].  As the
exoe ry th rocy t ic  schizont grows, nuc lear  d i v i s i o n  occurs and there 
i s  an increase in  cytoplasmic volume, producing in  the case o f  P. 
f a l c i p a r u m  around 30,000 m e ro z o i te s  from each sporozoi te.  When 
mature  the s c h i z o n t  and hos t  c e l l  r u p t u r e  r e l e a s i n g  m e ro z o i te s  
i n t o  the blood stream [Garnham 1966]. The p re -e ry th ro c y t i c  cycle 
i n  human m a la r i a  takes  between 6 and 15 days depending on the 
species.  The t ime between ent ry  o f  sporozoi tes in to  hepatocytes 
and the release o f  merozoites i s  c h a r a c t e r i s t i c  o f  each species or 
s t r a i n  o f  paras i te .  In fa lc iparum and F\_ malar iae in fe c t io n s ,  
t i s s u e  sch izogony f o l l o w s  s p o r o z o i t e  in v a s io n .  In  P. v iv a x  and 
probably Pi_ ovale in fe c t io n s  a p ropor t ion  o f  the sporozo i tes are 
thought to  t ransform in to  dormant stages (hypnozoites) which are 
responsib le  f o r  producing relapses [K ro tosk i  et a l . 1982 A & B]. 
The s t im u lu s  f o r  the resum pt ion  o f  g row th  o f  hy pn oz o i tes  i s  not 
known bu t  Bray & Garnham (1982) suggest t h a t  t h i s  i s  somehow 
p re d e te rm in e d ,  and the t im e  v a r i e s  i n  d i f f e r e n t  s t r a i n s  o f  P. 
v i v a x  and P. o v a le .
When m e ro z o i te s  are r e le a s e d  from the  t i s s u e  i n t o  the 
c i r c u l a t i o n  they ra p id ly  enter e ry th rocy tes  and begin an asexual 
c y c le  o f  p a r a s i t e  m u l t i p l i c a t i o n .  The m ero zo i tes  c o n ta in  an
7a p ic a l  complex which, a f t e r  o r ie n ta t i o n  comes in to  contac t  w i th  a 
s i t e  on the e r y t h r o c y t e  s u r fa c e  wh ich i s  p roba b ly  a s p e c i f i c  
r e c e p t o r  f o r  t h a t  spec ies  o f  m a la r i a .  These r e c e p to r s  may be 
a s s o c ia te d  w i t h  the  D u f f y  b lood  group a n t ig e n s  f o r  F\_ v iv a x  
[ M i l l e r  e t  a l . 1975] and g l y c o p h o r i n  f o r  P. f a l c i p a r u m  [ M i l l e r  
e t  a l . 1977, P e rk in s  1981].
The m e ro z o i te  a t ta c h e s  to  the  e r y t h r o c y t e  membrane which 
a f t e r  th icken ing  forms a ju n c t io n  w i th  the plasma membrane o f  the 
merozoi te [Aikawa et a l . 1978]. The merozoi te releases m ate r ia l  
from the rhop t r ie s  and micronemes, causing an in vag ina t ion  o f  the 
e r y t h r o c y t e  membrane, a f t e r  wh ich the  j u n c t i o n  moves round the 
p a ras i te  which enters the i n v a g i n a t i o n  u n t i l  i t  l i e s  c o m p le te l y  
enc losed  i n  the p a ra s i t o p h o r o u s  vacuo le  [Dvorak  e t  a l .  1975, 
A ikawa et  a l .  1978].  Dur ing  the  p rocess o f  i n v a g i n a t i o n  the 
s u r fa c e  coat  o f  the m e ro z o i te  i s  l o s t  and appears t o  rema in  
o u t s id e  the e r y t h r o c y t e  [ B a n n i s t e r  e t  a l . 1975, M i l l e r  e t  a l .
1975].
A f t e r  e n t r y  i n t o  the  e r y t h r o c y t e  the m e ro z o i te  deve lops  a 
vacuo le  and becomes a r i n g  form wh ich  in g e s t s  s m a l l  amounts o f  
hos t  cy top lasm  ( l a r g e l y  haemoglob in)  and grows in to  an amoeboid 
t rophozo i te  which rounds up as i t  matures. Asexual m u l t i p l i c a t i o n  
beg ins  w i t h  the  d i v i s i o n  o f  the p a r a s i t e  nuc leus.  The p a r a s i t e  
then  segments to  fo rm a s c h i z o n t  c o n t a i n in g  8 to  32 m e ro z o i te s  
(depending on species) which regain t h e i r  surface coat [Bann is te r  e.k sk  
1977]. The asexual e r y th ro c y t i c  cyc le i s  r e l a t i v e l y  synchronous 
i n  the  n a t u r a l  hos t :  one c y c le  takes  48 hours i n  P. f a l c i p a r u m ,
P. v i v a x  and P. ova le  and 72 hours i n  P. m a la r i a e c In  synchronous
8i n fe c t io n s  the rup tu re  o f  in fec ted  c e l l s  and merozoi te release i s  
a s s o c ia te d  w i t h  the  c h a r a c t e r i s t i c  f e v e r  and acute  symptoms o f  
malar ia .
The t r i g g e r  f o r  gam etocy togenes is  i s  u n c le a r  bu t  some 
m e ro z o i te s  e n t e r  e r y t h r o c y t e s  and develop i n t o  sexua l  s tages 
( fem a le  macrogometocytes  and male m ic rogam etocy tes ) .  I f  the 
mature  gametocy tes  are  taken  up i n t o  the m idgu t  o f  a fema le  
mosqu i to  they  are r e lea s ed  from the red c e l l s  and undergo 
gametogenesis. TTu^resul ts i n  the f e r t i l i z a t i o n  o f  a macrogamete 
by a microgamete to  form a zygote (which i s  thought to  be d ip lo id ;  
the  p a r a s i t e  i s  h a p lo i d  d u r in g  the  r e s t  o f  the l i f e  c y c le )  wh ich 
t r a n s fo r m s  i n t o  a m o t i l e  ookine-te which c rosses  the  mid gut 
ep i the l ium  and develops i n to  an oocyst between the gut e p i t h e l i a l  
la ye r  and the basal lamina o f  the mosquito midgut w a l l  [Sinden & 
Strong 1978]. The sporozo i tes then move to and enter the lumen o f  
the s a l iv a ry  gland. When they have matured in to  i n f e c t i v e  forms, 
the  s p o r o z o i t e s  p e n e t r a te  f u r t h e r  i n t o  the s a l i v a r y  g lands  
[Vanderberg  1975] and are ab le  to  i n f e c t  the next  s u i t a b l e  hos t  
t h a t  the mosquito b i te s  when f low ing  in  the sa l iva  i n t o  the wound 
and the cyc le i s  repeated.
The C l i n i c a l  Symptoms
P. v iv a x  and ova le  r a r e l y  cause a n y th in g  o th e r  than 
temporary m o rb id i ty ,  wh i le  i n f e c t i o n  w i th  P^ malar iae f requen t ly  
re s u l t s  in  nephrosis,  splenomegaly i s  also common and the spleen 
may reach considerable s ize.  P. fa lc ipa rum , however, o f ten  causes 
death o f  the  hos t .  In  synchronous i n f e c t i o n s  the  r u p t u r e  o f  
i n f e c t e d  c e l l s  and re le a s e  o f  m e ro z o i tes  i s  a s s o c ia te d  w i t h  a
9fever  and acute symptoms. I f  the parasi taemia i s  al lowed to r i s e  
uncha l lenged  by n a t u r a l  or  a c q u i re d  r e s i s t a n c e  o r  by drug 
t r e a t m e n t  the  p a t i e n t  w i l l  become s e v e re ly  i l l .  A f t e r  an 
incubat ion  per iod o f  between 9 and 14 days ( fo r  F\_ fa lc ipa rum ) the 
p a t i e n t  deve lops headaches, g e n e ra l  aches and pa ins ,  nausea and 
g a s t r o - i n t e s t i n a l  d isturbances. As the i n fe c t io n  progresses these 
symptoms become more intense and the pa t ie n t  f requen t ly  becomes 
anxious and confused. At t h i s  stage the fever i s  i r r e g u l a r  w i th  
no d i s t i n c t  p e r i o d i c i t y .  As the  nausea and g a s t r o - i n t e s t i n a l  
d isturbances become more severe, the spleen becomes enlarged and 
t e n d e r ,  the  l i v e r  e n la rg e s  and pu lmonary in v o lv e m e n t  occurs .  
Anaemia deve lops due t o  the  d e s t r u c t i o n  o f  both p a r a s i t i s e d  and 
non p a r a s i t i s e d  e r y t h r o c y t e s  [Rosenberg e t  a l . 1973, Seed and 
K r e i e r  1980]. The r e le a s e  o f  i n t r a c e l l u l a r  d e b r i s  d u r i n g  the 
rup ture  o f  in fec ted  c e l l s  may form immune complexes which a f fe c t  
rena l  func t ion  and can lead to complete renal  f a i l u r e .  I f  t rea ted 
these symptoms qu ick ly  subside but i f  not , severe compl ica t ions  
may develop.
When P. fa lc iparum in fe c t s  an ery th rocy te  i t  induces changes 
i n  the  red c e l l  s u r fa c e  caus ing  i t  t o  become adheren t  to  the 
end o th e l ia l  c e l l s  o f  the deep t issue  vasculature,  r e s u l t i n g  in  the 
sequestrat ion o f  e ry th rocy tes  c o n t a i n in g  mature p a r a s i t e s  which 
p r o t e c t s  these s tages  from passage th rough  the sp leen  [Luse and 
M i l l e r  1971],  and c a p i l l a r i e s  can become c o m p le te l y  b locked  by 
p a ra s i t i s e d  ery th rocytes .  Cerebral dysfunct ion  i s  the most common 
severe symptom o f  f\_ f a l c i p a r u m  i n f e c t i o n  i n  man. C e reb ra l  
m a la r i a  may beg in  s l o w l y  a f t e r  the  i n i t i a l  symptoms or  deve lop 
suddenly r e s u l t in g  in  convulsions, numerous nervous d isorders  and
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e v e n t u a l l y  coma. The t y p i c a l  h i s t o p a t h o l o g i c a l  f e a t u r e  o f  
c e r e b r a l  m a la r i a  i s  t h e  b l o c k a g e  o f  c e r e b r a l  v e n u le s  and 
c a p i l l a r i e s  w i t h  e r y t h r o c y t e s  c o n t a i n i n g  l a t e  t r o p h o z o i t e s  and 
s c h i z o n t s .  Only a s m a l l  number o f  p a t i e n t s  who d ie  o f  c e r e b r a l  
ma la r ia  have high per iphera l  parasi taemias or very severe anaemia. 
There i s  some d i s p u t e  over  the  a c t u a l  a e t i o l o g y  o f  c e r e b r a l  
malar ia  [Reviewed by Warre l l  1987].
Drug Treatment
There are severa l  groups o f  a n t im a la r ia l  compounds which are 
used f o r  the  t r e a t m e n t  o f  m a l a r i a l  i n f e c t i o n s ,  t o  p rev en t  the 
e s t a b l i s h m e n t  o f  i n f e c t i o n  or  to  p reven t  t r a n s m i s s i o n  o f  the 
p a ras i te .
These compounds include pyr imethamine, qu in ine,  mef loquine, 
p r o g u a n i l  and c h l o r  p r o g u a n i l ,  t h e  4 am i n o q u i n o l i n e s  e.g.  
c h l o r o q u i n e  and a m o d i a q u i n e ,  t h e  8 a m in o q u in < ? l i n e s  e.g.  
p r im a q u in e ,  and the  su lphones and su lphonamides.  A n t i m a l a r i a l  
drugs have a s e le c t i v e  ac t ion on d i f f e r e n t  phases o f  the paras i te  
l i f e  cycle.  Causal p rophy lac t ic  drugs prevent the establ ishment 
o f  the  p a r a s i t e  i n  the l i v e r .  S c h i z o n to c i d a l  drugs ac t  on the 
pa ras i te  in  the red blood c e l l ,  and t issue schizontoc ides  act on 
t h e  e x o e r y t h r o c y t i c  s t a g e  o f  th e  p a r a s i t e .  D rugs  w i t h  
gametocytocidal  a c t i v i t y  destroy the sexual forms o f  the paras i te  
and sporon toc ida l  drugs i n h i b i t  the development o f  the oocysts in  
the  mosqu i to  such t h a t  no s p o r o z o i t e s  are produced and the 
mosquito cannot t ra n s m i t  the in fe c t io n .
Q u in ine  has f a s t  a c t i n g  s c h i z o n t o c i d a l  p r o p e r t i e s  and has 
been one o f  the most e f f e c t i v e  drugs in  the t reatment o f  malar ia
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s in c e  i t  was in t r o d u c e d  i n  the  e a r l y  17th c e n tu ry .  D u r ing  the 
1930's and 1940's qu in ine  was replaced by syn the t ic  a n t im a la r ia l s  
such as mepacrine and chloroquine. With the increas ing res is tance 
o f  some m a la r ia l  pa ras i tes  to a number o f  syn the t ic  a n t im a la r ia l s  
qu in ine has again become more w ide ly  used. Resistance to  quinine 
has been r e p o r te d  i n  v a r io u s  p a r t s  o f  the  t r o p i c s  bu t  i t  has not 
become a widespread problem.
Drug r e s i s t a n c e  i n  m a la r i a  i s  d e f in e d  as the  " a b i l i t y  o f  a 
p a r a s i t e  s t r a i n  t o  s u r v i v e  a n d / o r  m u l t i p l y  d e s p i t e  th e  
a d m in is t ra t i o n  and absorp t ion  o f  a drug given in  doses equal to  or 
h ig h e r  than those u s u a l l y  recommended but  w i t h i n  the  l i m i t s  o f  
to le rance o f  the sub jec t "  [W.H.O. 1963].
Chloroquine i s  a rap id  blood schizontocide and also destroys 
gametocytes o f  v i v a x , P. malar iae and ovale. I t  can be used 
both  as a p r e v e n t a t i v e  and as a c u r a t i v e  drug. C h lo roqu ine  
r e s i s t a n c e  i n  F\_ f a l c i p a r u m  has become w idespread i n  As ia ,  i s  
es tab l ished in  South America and East A f r i c a  and has been reported 
i n  C e n t r a l  A f r i c a .  In  most o f  A f r i c a  the p a r a s i t e  shows a
decrease in  s u s c e p t i b i l i t y  to chloroqu ine.
At p re s e n t  o n ly  F\_ f a l c i p a r u m  has developed r e s i s t a n c e  to  
ch loroquine and i t  remains the drug o f  choice in  the t rea tment  of  
o t h e r  m a l a r i a l  i n f e c t i o n s  as i t  i s  r e l a t i v e l y  inexpensive,  we l l  
t o le ra te d ,  safe and fa s t  ac t ing .
Proguani l  can be used both fo r  the t reatment and prevent ion 
o f  m a l a r i a l  i n f e c t i o n s .  I t  has a s low s c h i z o n t o c i d a l  a c t i o n  on 
the  e r y t h r o c y t i c  fo rms  o f  m a la r i a  p a r a s i t e s  and i s  a l s o  a c t i v e  
a g a in s t  the  p r im a r y  t i s s u e  phase o f  P_^  f a l c i p a r u m  and has
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sporon toc ida l  a c t i v i t y  against  t h i s  species. Some res is tance to  
p r o g u a n i l  has been r e p o r te d  i n  M a la y s ia ,  New Guinea and East 
A f r i c a .  C h lo r p r o g u a n i l  i s  a c l o s e l y  r e l a t e d  drug w i t h  s i m i l a r  
p r o p e r t i e s .
Pyr imethamine has s im i l a r  p rope r t ies  to  proguani l .  I t  i s  a 
s low b lood s c h i z o n t o c id e  and shows c o n s id e r a b le  a c t i v i t y  on 
pr imary t i s s u e  forms o f  P^_ f a lc ipa rum ; i t  a lso has some a c t i v i t y  
against  v i v a x , and has sporon toc ida l  p rope r t ies .  Resistance o f
P. f a l c i p a r u m  to  p y r im e th a m in e  has been r e p o r t e d  i n  p a r t s  o f  E. 
A f r i c a ,  W. A f r i c a  and the f a r  East,  but  on ly  i n  l i m i t e d  areas. 
Res is tance  i n  P. v iv a x  appeared r a p i d l y  and i s  now widespread.  
Cross r e s i s t a n c e  between p y r im e th a m in e  and p r o g u a n i l  i s  a lso  
apparent.
Primaquine i s  one o f  the most impor tant  drugs in  use tha t  can 
g i v e  a r a d i c a l  cure  o f  P^ v iv a x  and Fh_ ova le  as i t  i s  a t i s s u e  
s c h i z o n t o c id e  d e s t r o y in g  l i v e r  forms and so prevent ing relapses. 
I t  i s  ac t ive  aga inst  gametocytes but not aga inst  o ther  blood stage 
paras i tes .  The use o f  pr imaquine i s  l i m i t e d  due to  severa l  severe 
s ide e f fe c t s .
Sulphones and su lphonamides were occas iona l ly  used fo r  the 
t r e a tm e n t  o f  m a la r i a  i n  the  1940's but  they  had a number o f  
drawbacks.  D u r ing  the  1960's long  a c t i n g  su lphonamides  were 
in t r o d u c e d  and these were found to  be u s e f u l  i n  t r e a t i n g  
i n f e c t i o n s  o f  c h lo ro q u in e  r e s i s t a n t  P. fa lc ipa rum . Sulphadoxine 
has been p a r t i c u l a r l y  u s e f u l  when used i n  c o m b in a t io n  w i t h  
p y r im e th a m in e ,  bu t  r e s i s t a n c e  to  t h i s  c o m b in a t io n  has been 
repor ted.
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Mefloquine i s  one o f  the more recent a n t im a la r ia l s  and as yet 
no ser ious s ide e f f e c t s  have been noted. Pr imary drug res istance 
however, has been repor ted in  Thai land and also cases o f  reduced 
s e n s i t i v i t y  i n  T h a i la n d  and the  P h i l i p p i n e s .  S t r a i n s  o f  P. 
f a l c i p a r u m  r e s i s t a n t  t o  m e f lo q u in e  are a l s o  known t o  e x i s t  in  
areas even before the drug was used there.  Therefore i t  has been 
recommended t h a t  mef loqine i s  only used in  combinat ion w i th  other 
a n t im a la r ia l s  to  delay the development o f  mefloquine res is tance .
A number o f  drugs w i th  a n t im a la r i a l  p rope r t ies  are c u r re n t l y  
under development. Q .inghaosu, which i s  i s o la te d  from the Chinese 
m e d ic i n a l  herb ,  A r t e m i s i a  annua, has been found t o  be e f f e c t i v e  
a g a in s t  P^ v i v a x  and P^ f a l c i p a r u m . Of p a r t i c u l a r  i n t e r e s t  i s  
t h a t  Quinghaosu has been found to  be e q u a l l y  e f f e c t i v e  a g a in s t  
c h l o ro q u in e  s e n s i t i v e  and r e s i s t a n t  s t r a i n s  o f  F\_ f a l c i p a r u m . 
Other drugs under development inc lude Ha lo fan t r  :,ne [Smith ,  K l ine & 
F r e n c h ] ,  T r i o z i n e  [B e e c h a m s ] ,  C l i n d a m y c i n  [ U p j o h n ]  and 
Napthoquin^fl&[ Wellcome].
Acquired Immunity to  Malar ia
The g e n e ra l  f e a t u r e s  o f  im m u n i ty  t o  m a la r i a  have been 
ex tens ive ly  reviewed [ T a l i o f e r r o  1929, Brown 1969, McGregor 1972, 
P l a y f a i r  1982, Deans and Cohen 1983].  I t  appears t h a t  i n  man 
r e s i s t a n c e  t o  m a la r i a  does occu r ,  but  i s  s low t o  deve lop .  In  
endemic areas the most ser ious c l i n i c a l  disease and the greatest  
p reva lence  o f  m a la r i a  r e l a t e d  deaths are seen i n  c h i l d r e n  aged 
between 6 months and 3 years [McGregor e t  a l .  1956].  With 
increasing age the disease becomes less severe desp i te continued
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exposure to  the paras i te .  In adu l ts  the le v e l  o f  blood paras i tes 
i s  genera l ly  very low and the c l i n i c a l  e f f e c t s  o f  the disease only 
r a r e l y  seen. I t  appears t h a t  a v a r i e t y  o f  immune responses are 
e l i c i t e d  dur ing a malar ia  i n fe c t io n ,  a la rge v a r ie t y  o f  ant ibodies 
are produced and there  i s  considerable s t im u la t i o n  o f  non-spec i f ic  
r e t i c u l o - e n d o t h e l i a l  f u n c t i o n s .  The immune response may be 
d i rec ted  aga ins t  the sporozo i te,  the exoe ry th rocy t i c  stages, the 
asexual e r y th r o c y t i c  stage and gametocytes. Immunity i s  s t rong ly  
stage s p e c i f i c  and decl ines ra p id ly  i f  the host does not receive 
f requent  an t ig en ic  chal lenge.
The C e l l u l a r  Response
There i s  s u b s t a n t i a l  ev idence to  suggest  t h a t  T c e l l s  are 
i n v o l v e d  i n  a c q u i r e d  im m un i ty  to  m a la r i a .  I n f e c t i o n  w i t h  P. 
bdqhei has been shown to  become much more severe in  athymic ra ts ,  
[Brown e t .  a l .  1968, S p i ra  e t  a l .  1970] and a n o r m a l l y  m i l d  
s t r a i n  o f  _F\_ y o e l i i  becomes l e th a l  in  athymic nude mice [C la rk  and 
A l l i s o n  1 974 ,  Weinbaum e t  a 1 . 1 9 7 6 ] .  E v i d e n c e  f o r  th e  
involvement o f  T c e l l s  in  immunity to malar ia  i s  also provided by 
the  o b s e r v a t i o n  t h a t  i n  an im a ls  r e s i s t a n c e  can be a d o p t i v e l y  
t r a n s f e r r e d  w i t h  immune sp leen c e l l s  [ P h i l l i p s  1970] and w i t h  
p u r i f i e d  T c e l l s  [Jaywardena et  a l . 1982].
In  human m a la r i a  p a t i e n t s  the  numbers o f  T c e l l s  i n  the 
pe r iphe ra l  c i r c u l a t i o n  are reduced both r e l a t i v e l y  and abso lu te ly  
[W y le r  1976, W e l l s  e t .  a l . 1979, Troy — Blomberq e t .  a l . 1983A]. 
An a l t e r a t i o n  in  the r a t i o s  between d i f f e r e n t  T c e l l  subsets has 
a l s o  been r e p o r t e d  [ T roy -B lomberg  e t  a l . 1983B, 1984].  T c e l l s
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show a p r o l i f e r a t i v e  response in  v i t r o  a f t e r  s t im u la t io n  w i th  P. 
fa lc ipa rum  ant igens,  [Troy-Blomberg et  a l . 1983B, 1984], but the 
response i s  weak and shor t  l i ved .  Pa t ien ts  w i th  c l i n i c a l  malar ia 
f o r  more than 8 days o f ten show reduced a n t im a l a r i a l  p r o l i f e r a t i v e  
responses w h i le  o ther  responses such as to  T c e l l  mitogens are the 
same as f o r  p a t i e n t s  w i t h  a m a l a r i a l  i n f e c t i o n  o f  le s s  than 8 
days, i n d i c a t i n g  suppression o f  the s p e c i f i c  a n t im a la r i a l  T c e l l  
response [B r a s s e u r  et  a l . 1983, T roy -B lo m be rg  e t  a l . 1984). 
Th is  im m unosupress ion  may account  f o r  the  appa ren t  inc reased  
s u s c e p t i b i l i t y  o f  ch i ld ren  w i th  ma la r ia  to  o ther  i n fe c t io n s  such 
as measles and g a s t r o e n t e r i t i s  [Hommel 1981].
A number o f  r o l e s  have been suggested f o r  T c e l l s  i n  the 
immune response to  m a la r i a .  Brown and P h i l l i p s  (1971) have 
i n d i c a t e d  a h e lp e r  f u n c t i o n  i n  the  p r o d u c t i o n  o f  a n t i m a l a r i a l  
an t ibody and Weinbaum et a l . 1976 have shown th a t  a la rge amount 
o f  IgG product ion in  malar ia in fec ted  mice i s  T c e l l  dependent.
I t  i s  thought tha t  T c e l l s  play a r o le  in  the rec ru i tmen t  and 
a c t i v a t i o n  o f  macrophages as T c e l l  d e f i c i e n t  mice showed no 
in c r e a s e  i n  p h a g o c y to s is  and ve ry  l i t t l e  sp lenom ega ly  du r in g  
ma la r ia  i n f e c t i o n s  wh i le  B c e l l  d e f i c i e n t  mice behaved normal ly 
[Roberts & Weidanz 1979]. This i s  also suggested by the f ind ings  
o f  Coleman et  a l . (1976) who showed a decrease in  the numbers o f  
p e r i t o n e a l  macrophages and a ls o  detected a macrophage m ig ra t ion  
i n h i b i t i o n  f a c to r  (MIF) in  spleen c e l l s  o f  mice w i th  acute malar ia 
i n f e c t i o n s .
Ac t iva ted  macrophages may also mediate p a ras i te  death by the 
release o f  fa c to rs  which can k i l l  i n t r a c e l l u l a r  paras i tes  [C lark
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e t  a l . 1981, A l l i s o n  & Eugui  1982] .  These i n c lu d e  tumour 
n e c r o s i s  f a c t o r  (TNF) and lym phocy te  a c t i v a t i n g  f a c t o r  (LAF). 
Ockenhouse and Shear (1984) have a l s o  shown t h a t  macrophages 
a c t i v a t e d  jijn v i v o  and j jn  v i t r o  can k i l l  Pj_ y o e l i i  by t h e  
e x t r a c e l l u l a r  re le a s e  o f  hydrogen p e r o x id e  i n  a pha gocy tos is  
associated re s p i r a to r y  burst .
An increase in  na tu ra l  k i l l e r  c e l l  a c t i v i t y  has been reported 
i n  c h i ld re n  w i th  acute F\_ fa lc iparum in fe c t i o n s  [Greenwood et  a l .
1977].  Ojo Amaize e t  a l . (1981) a l s o  found t h a t  n a t u r a l  k i l l e r  
c e l l  a c t i v i t y  and y - in t e r fe r o n  (Y IFN) l e v e ls  in  malar ia  in fec ted  
c h i ld re n  c o r re la ted  w i th  inc reas ing  paras i taemias. Brown et  a l . 
(1986) however ,  s t a t e  t h a t  t h e r e  i s  no ev idence  to  suggest  t h a t  
n a t u r a l  k i l l e r  c e l l s  c o n t r i b u t e  t o  p a r a s i t e  k i l l i n g .  Y IFN i s  
p roduced i_n v i t r o  when lym phocy tes  f rom m a la r i a  p a t i e n t s  are 
s t im u la te d  w i th  P. fa lc iparum ant igen [Troy-Blomberg 1985 in  Brown 
1986]. Ockenhouse et .  a l . (1984) have shown t h a t  when macrophages 
are ac t iv a te d  by Y IFN they can k i l l  i n t r a e r y t h r o c y t i c  paras i tes  
i n  the absence o f  ant ibody.
Changes a l s o  occur  i n  monocyte-macrophage c e l l s  d u r in g  a 
m a la r ia  i n fe c t io n .  I t  was assumed fo r  many years tha t  the major 
de fence a g a in s t  m a la r i a  was p h a g o c y to s is .  T a l i o f e r r o  (1929) 
showed t h a t  d u r in g  the p a r a s i t i c  c r i s i s  t h e r e  i s  an in c rea se  i n  
phagocytosis o f  pa ras i t i zed  e ry th rocy tes  and m a la r ia l  debris.  In 
rodent ma la r ia  the phagocyt ic a c t i v i t y  o f  sp len ic  macrophages can 
be 20 t o  50 t im e s  g r e a t e r  than t h a t  o f  normal macrophages 
[Zuckerman, 1977]. In the spleen the accumulat ion o f  macrophages 
has been shown to  be due to a so lub le  chemotact ic fac to r ,  thought 
to  o r i g i n a te  from lymphocytes [W y le r  & G a l l i n  1977].  Increased
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a c t i v i t y  and numbers o f  macrophages have been found i n  the bone 
marrow [Frankenburg et  a l .  1980) and also in  l i v e r s  o f  mice w i th  
m a la r ia ,  t h i s  was most marked in  n o n - le th a l  in fe c t io n s  [Dock r e l l  
e t  a l .  1980] .
Non S p e c i f i c  Acquired Immunity
There i s  evidence tha t  the course o f  a m a la r ia l  i n fe c t io n  can 
be a f f e c t e d  by the  a c t i o n  o f  u n r e l a t e d  agents on the  immune 
system.  These in c lu d e  P ro p io b a c te r iu m  acnea [Nussenzweig 1967; 
C la r k  e t  a l  1977],  BCG [ C la r k  e t  a l .  1976],  e n d o to x in  [ Gregor 
1969, M a r t i n  e t  a l . 1967] ,  Concanava l in  A, l i p o p o l y s a c c h a r i d e ,  
d i e t h y s t i l b o e s t r o l  [ C o t t r e l l  e t  a l . 1977] ,  C o x i e l l a  b u r n e t t i  
e x t r a c t  [ C l a r k  1979 ]  and f r e e z e  thawed Toxoplasma g o n d i i  
t a c h y z o i t e s  (Omata e t  a l .  1981].  These agents  may ac t  th rough 
th e  a c t i v a t i o n  o f  macrophages, e i t h e r  to  in c re a s e  p h a gocy tos is  
[N ussenzwe ig  1967] or  to  cause p r o d u c t i o n  o f  new c e l l s  o f  the 
monocyte-macrophage ser ies.  These new c e l l s  are s ens i t i v e  to  an 
e n d o to x in  l i k e  substance o f  m a la r i a  [ C la r k  1978, Gauci e t .  a l .  
1982] causing the product ion o f  tumour necros is  f a c to r  [C lark  et. 
a l  1981; Taverne e t  a l . 1981, C la r k  & Hunt 1983, D o c k r e l l  & 
P l a y f a i r  1983] o r  supe rox ide  io n s  [ A l l i s o n  & Eugui  1982] wh ich 
damage i n t r a e r y t h r o c y t i c  paras i tes.
I n t r a c e l l u l a r  death o f  asexual paras i tes  i s  observed dur ing 
th e  c r i s i s  p e r i o d  o f  a m a l a r i a l  i n f e c t i o n ,  e s p e c i a l l y  i n  
la b o ra to ry  mala r ia  models. A non-ant ibody, non d ia lysab le  fac to r  
causing i n t r a e r y t h r o c y t i c  death o f  P^ fa lc iparum in  v i t r o  has been 
i d e n t i f i e d  i n  some sera f rom immune Sudanese a d u l t s  [Jensen e t
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a l . 1982A, 1983A]. They found a s t r o n g e r  as s o c i a t i o n  between 
c l i n i c a l  immuni ty and Jj i  v i t r o  serum i n h i b i t i o n  w i th  t h i s  c r i s i s  
form fa c to r  than w i th  IgG. However some Ig from in d iv id u a ls  could 
induce c r i s i s  forms _in v i t r o .
The Humoral Response
The c ircumsporozo i te  p r e c i p i t i n  reac t ion  (CSP) has been used 
t o  d em on s t ra te  the  p r e s e n c e  o f  a n t i s p o r o z o i t e  a n t i b o d i e s  
[Vande rbe rg  e t  a l . 1969].  The c o r r e l a t i o n  between the CSP 
r e a c t i o n  and im m u n i t y  i s  t h ough t  to  be poor [ S p i t a l n  y and 
Nussenzweig 1973] but  Yoshida e t  a l . (1980) us ing  monoc lona l  
a n t i b o d i e s  to  the  s u r fa c e  o f  P. b e rqh e i  spo rozo i tesyhave  shown 
t h a t  the ant igens involved in  p ro te c t i v e  immunity and CSP react ion  
are i d e n t i c a l .  These monoclonal an t ibod ies have also been shown 
to  give complete p ro tec t ion  aga inst  sporozo i te chal lenge in  mice 
[ P o t o c n ja k  e t  a l . 1980]. S i m i l a r  f i n d i n g s  have a ls o  been 
o b ta in e d  w i t h  P. k n o w le s i  [Cochrane e t  a l . 1982] P. v iva x  and P. 
fa lc iparum  [Nardin et  a l . 1982].
The r o l e  o f  s p e c i f i c  a n t i b o d i e s  i n  im m u n i t y  to  m a la r i a  has 
also been in d ica ted  by B c e l l  t r a n s fe r  experiments in  which B c e l l  
e n r i c h e d  p o p u la t i o n s  o f  immune sp leen  c e l l s  have been used to  
t r a n s fe r  immunity in  P. chabaudi [McDonald and P h i l l i p s  1978] and 
P. b e rg h e i  [ F e r r a r o n i  and Speer 1982, Grave ly  and K r e i e r  1976]. 
Jayawardena e t  a l . (1979),  Weinbaum e t  a l . (1976) and Rober ts  
e t  a l .  (1977) have also shown th a t  mice lack ing  B c e l l s  have more 
severe mala r ia  i n fe c t io n s  than normal mice.
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Im m u n i t y  has a lso  been p a s s i v e l y  t r a n s f e r r e d  us ing  whole 
immune serum in  a va r ie ty  o f  animal models [ f o r  example, Diggs & 
Osfrer (1969, 1975),  P h i l l i p s  (1970) ,  Brown and P h i l l i p s  (1974),  
Hamburger & K r e i e r  (1975) P l a y f a i r  and De Souza (1979)] .  The 
p r o t e c t i v e  a c t i v i t y  o f  immune serum has been shown to  be due to  
t h e  im m u n o g lo b u l in  f r a c t i o n  i n  a n im a ls  [D ig gs  & Osie r  1969, 
P h i l l i p s  & Jones 1972, Green & K re ie r  1978, Reese and Motyl  1979] 
and humans [Cohen et  a l .  1961, Cohen & McGregor 1963].
Considerable v a r ia t io n  i s ,  however, seen in  passive t ra n s fe r  
exper iments,  espec ia l ly  in  rodent mala r ia  and seems to be re la ted  
to  the dose o f  immune serum given and to  the t im in g  o f  the serum 
c o l l e c t i o n .  T o t a l  p r o t e c t i o n  a g a in s t  homologous c h a l le nge  has 
been repor ted in  rec ip ien ts  o f  hyperimmune serum [Jayawardena et 
a l  1975 ., Golenser  e t  a l . 1975] bu t  i t  i s  more usua l  to  observe 
the p r o te c t i v e  a c t i v i t y  o f  immune serum as a delay in  the onset o f  
a patent parasi taemia o f  r e c ip ie n ts  [Diggs and Osier 1969, Br iggs 
e t  a l . 1968, Brown & P h i l l i p s  1974, Jayawardena et  a l . 1978].
In  v i t r o  s t u d ie s  w i t h  m e ro z o i te s  have shown t h a t  a n t ib o d y  
a c t s  m a in l y  by b lo c k in g  the i n v a s io n  o f  red c e l l s  by m e ro zo i tes  
[ Cohen e t_  aj^. 1969, Cohen & Bu tche r  1970, 1971). In  the case o f  
P. know l e s i  sera  f rom immune a n im a ls  caused a g g l u t i n a t i o n  o f  
m e ro z o i t e s  [ M i l l e r  e t  a l .  1975, Bu tcher  & Cohen 1972]. The 
r e s u l t s  o f  t h i s  a g g l u t i n a t i o n  t e s t  have been shown to  c o r r e l a t e  
w e l l  w i t h  the  r e s u l t s  o f  t r a n s f e r  exp e r im e n t  [B u tc h e r  e t  a l .
1978] bu t  no t  a lways w i t h  f u n c t i o n a l  im m u n i ty  [ M i l l e r  e t  a l . 
1977]. A n t im a la r ia l  ant ibod ies have also been shown to  block or 
reverse the cytoadherence o f  pa ras i te  in fec ted  (RBC5) in  v ivo [David 
e t  a l .  1983] .  * A I .W e .» is
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E x t r a c e l l u l a r  gametes, zygotes and ookinetes have been shown 
t o  be s u s c e p t i b l e  t o  a n t ib o d y  i n j e s t e d  d u r in g  the b lood  meal. 
This ant ibody has no e f f e c t  on the i n t r a c e l l u l a r  gametocyte in  the 
ve r teb ra te  host. I t  can a g g lu t in a te  gametes in  the mosquito gut, 
b l o c k i n g  f e r t i l i z a t i o n  [Gwadz 1976, C a r te r  e t  a l . 1979]. 
A n t ib o d y  can a ls o  b ind  t o  the  zygo te  s u r fa c e  and b lo c k  the 
deve lopment  o f  zygo tes  i n t o  o o k in e te s  [ C a r t e r  e t  a l .  1984]. 
Ant ibody can block the i n f e c t i o n  o f  mosquitoes and transmiss ion  o f  
ma la r ia  to  new ve r teb ra te  hosts,  but t h i s  has no d i r e c t  b e n e f i c ia l  
e f f e c t  fo r  the in fec ted  ve r teb ra te  host.
A n t ibody  med ia ted  p h a g o c y to s is  o f  f r e e  p a r a s i t e s  and o f  
s c h i z o n t  i n f e c t e d  e r y t h r o c y t e s  has been dem ons t ra ted  i r i  v i t r o  
[Ce lada  e t  a l . 1982, Khusmi th  e t  a l . 1982, Kharazmi  & Jepsen 
1984]. Brown and Smalley (1980) have also demonstrated ant ibody 
dependent c e l l u l a r  c y t o t o x i c i t y  (ADCC) a g a in s t  f a l c i p a r u m  
i n f e c t e d  e r y t h r o c y t e s .  I t  has a l s o  been shown t h a t  d u r in g  a 
ma la r ia  i n fe c t io n  la rge  amounts o f  immunoglobul in which appear to 
have no s p e c i f i c i t y  fo r  m a la r ia l  ant igens are produced [Ta rge t t  & 
V o l l e r  1965, Abele e ^  a l .  1965].
The ant igens recognised by these non s p e c i f i c  immunoglobul ins 
i n c l u d e  a n t ig e n s  o f  h e a r t ,  t h y r o i d  and g a s t r i c  p a r i e t a l  c e l l s  
[Shaper  e t  a l .  1968],  l ym phocy tes  [ W e l l s  e t  a l .  1980] ,  and 
e r y t h r o c y t e s  [Rosenberg e t  a l . 1973, Ronai e t  a l . 1981, Z o u a l i  
e t  a l . 1982, Wahlqren e t  a l . 1983].  High t i t r e s  o f  a n t i b o d i e s  
to  rheumatoid f a c to r  [Shaper e t  a l . 1968, Greenwood et  a l .  1971] 
and nuclear components [Greenwood et a l . 1970, Adu et  a l . 1982], 
have also been shown to  be associated w i th  malar ia in fe c t io n s .
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The appearance o f  d i f f e r e n t  k in d s  o f  a u t o a n t i b o d ie s  i n  the  
serum o f  ma la r ia  p a t ie n ts  has been a t t r i b u te d  to  po lyc lona l  B c e l l  
a c t i v a t io n  by mitogen ic  fac to rs  [Greenwood & Vick 1975, Greenwood 
e t  a l . 1979] and i s  T c e l l  dependent.
Development o f  a^ M a la r ia l  Vaccine
Three d i f f e r e n t  l i f e  cyc le  stages are p o te n t ia l  ta rge ts  fo r  a 
vacc ine  a g a in s t  m a la r i a ;  they  are s p o r o z o i t e s ,  asexua l  b lood 
stages paras i tes  and sexual forms.
A complete ly e f f e c t i v e  sporozo i te  vaccine would prevent the 
es tabl ishment o f  the pa ras i te  in  the host f o l l o w in g  a b i t e  by an 
in fec ted  mosquito. Because acquired immunity to  malar ia  i s  stage 
s p e c i f i c  the re c ip ie n t  o f  the vaccine would s t i l l  be suscep t ib le  
to  i n f e c t i o n  by asexual blood stage paras i tes ,  fo r  example by the 
t ran s fus ion  o f  malar ious blood. I f  the immunity induced against  
s p o r o z o i t e s  was i n c o m p l e t e  some s p o r o z o i t e s  would invade  
h e p a to c y te s  and a low l e v e l  p a r a s i t a e m ia  cou ld  occur  w i t h  the 
p r o d u c t i o n  o f  gametocy tes  so t h a t  the host  would s t i l l  be 
i n f e c t i v e  to  mosquitoes.
A v ac c ine  aimed a t  the  asexua l  b lood stage p a r a s i t e s  would 
r e s t r i c t  t h e i r  m u l t i p l i c a t i o n .  The t h i r d  type  o f  vacc ine  cou ld  
induce serum an t ibod ies  in  the human host to  block f e r t i l i z a t i o n  
o f  fema le  gametes by male gametes or i n a c t i v a t e  the  f e r t i l i z e d  
zygo te  o r  o o k in e te  i n  the  mosqu i to  gut .  Th is  type  o f  vacc ine  
could block malar ia  t ransmiss ion  but o f fe rs  no p ro tec t ion  to  the 
hos t  a g a in s t  s p o r o z o i t e s ,  h e p a t i c  forms or asexua l  b lood s tage 
p a r a s i t e s .
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Most  v a c c i n e  r e s e a r c h  has c o n c e n t r a t e d  on f i n d i n g  a 
p ro te c t i v e  ant ibody and i d e n t i f y i n g  the ant igen which e l i c i t s  t h i s  
response. To be a p o t e n t ia l  vaccine candidate an ant igen must be 
access ib le  to an t ibod ies ,  the ant igen-ant ibody in t e r a c t i o n  should 
lead to  des t ruc t ion  o f  the paras i te  and the ant igen should e i th e r  
be conserved i n  the  n a t u r a l  p a r a s i t e  p o p u la t i o n  or  show on ly  
l i m i t e d  a n t i g e n i c  d i v e r s i t y  so t h a t  s e v e r a l  o f  the  a l t e r n a t i v e  
an t igen ic  forms could be administered at  once. I t  would also be 
an advantage i f  the ant igens were s table ,  fo r  example they should 
not show v a r i a t i o n  when exposed to  ant ibody.
Sporozoi te Vaccine
Pro tec t ive  immunity to  rodent,  monkey [Cochrane et .  a l . 1980] 
and human m a la r i a  [C lyd e  e t  a l . 1975] has been promoted by 
v a c c i n a t i o n  w i t h  g a m m a - i r r a d ia te d  sporozoi tes.  Nussenzweig et 
a l . (1969) demonstrated tha t  par t  o f  t h i s  p ro te c t i v e  immunity was 
due to  a n t ib o d y .  Th is  a n t ib o d y  re a c ts  w i t h  the  s u r fa c e  o f  
sporozo i tes g iv ing  r i s e  to  the  c i rcum sporozs i te  p r e c i p i t i n  (CSP) 
reac t ion ,  [Vanderberg ert_ al .  1969].
Yoshida e_t a l . (1980) r a i s e d  monoc lona l  a n t i b o d i e s  to  the 
s u r fa c e  o f  P. be rq h e i  s p o r o z o i t e s  and showed t h a t  the  a n t ig e n s  
i n v o l v e d  i n  p r o t e c t i v e  im m un i ty  and the CSP r e a c t i o n  were 
i d e n t i c a l .  S im i la r  f ind ings  have been obtained w i th  F\_ knowlesi  
[Cochrane e_t _al. 1982],  P. v i v a x  and P. f a l c i p a r u m  [ N a r d in  e t  
a l .  1982].  The CSP p r o t e i n  i s  though t  to  be i n v o l v e d  i n  the 
invasion o f  sporozo i tes i n to  host c e l l s  because, in  the presence 
o f  fab.  f ra g m e n ts ,  s p o r o z o i t e s  d id  not a t t a c h  to  t a r g e t  c e l l s  
[ H o l l i n g d a l e  e_t _ a^. 1982, 1984].  E l l i s  e^_ al^. (1983) c loned
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gene fragments encoding fo r  the F\_ knowelsi  CSP p ro te in  and Ozaki 
et_ aJ. (1983) descr ibed the sequence o f  the e n t i r e  gene which was 
found to  encode a p ro te in  w i th  a repeat ing  amino acid sequence (12 
amino acids repeated 12 t imes) conta in ing  the epi tope which bound 
p r o t e c t i v e  monoc lona l  a n t i b o d ie s .  The gene encoding the P. 
fa lc iparum CS p ro te in  has also been sequenced [Dame et  a l .  1984, 
Enea e t  a l .  1984] and found to  c o n t a i n  41 tandem repea ts  o f  2 
t e t r a p e p t i d e s .  When t h e  e n t i r e  CSP gene sequ ences  o f  P. 
fa lc iparum and Fj_ knowlesi  were compared two regions o f  homology 
were found, one on e i th e r  side o f  the repeats.  Syn the t ic  peptides 
f rom the  re p e a t  re g io n  o f  the F\_ f a l c i p a r u m  CSP p r o t e i n  were 
immunogenic i n  mice and r a b b i t s .  The a n t ib o d y  produced b locked 
the  i n v a s io n  o f  human hepatoma c e l l s  by s p o r o z o i t e s  _in v i t r o  
[ B a l l o u  e_t_ a l . 1985, Zava la  e_t a l . 1985].
The know l e s i  CSP gene has been inse r ted  i n to  the vacc in ia  
v i r u s  genome and c e l l s  in fec ted  w i th  t h i s  recombinant v i r u s  have 
been shown to  synthesize polypept ides tha t  react  w i th  a monoclonal 
ant ibody aga inst  the repeat epi tope [Smith j3t _ a l .  1984].
S im i la r  s tud ies  have been ca r r ied  out w i th  the _F\_ fa lc iparum
P-SchericKio-
CSP gene u s i n g '1' c o l i  [Young a t_  a l . 1985] .  The expressed 
pept ides were used to immunize mice and high t i t r e s  o f  an t ibod ies 
which reacted w i th  the sporozo i te surface and blocked sporozo i te
^ej-eL p ro d u c t
i n v a s io n  o f  hepatoma c e l l s  jm v i t r o f  S i m i l a r  r e s u l t s  were 
o b ta in e d  when p a r t  o f  the P. v iv a x  CSP p r o t e i n  was i n s e r t e d  i n t o  
yeast expression vectors  [Barr  et  a l . 1987].
Herr ington at  a l .  (1987) repor t  the development o f  a vaccine 
wh ich was found to  be sa fe  i n  man and to  s t i m u l a t e  p r o t e c t i v e
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ant ibod ies .  A 12 amino acid syn the t ic  pept ide (NANP)^ comprising 
the immunodominant epi tope o f  the fa lc iparum circumsporozoi te 
p r o t e i n  was c o n ju g a te d  to  te ta n u s  t o x o i d  and used to  immunize 
human v o lu n t e e r s .  A lum in ium  hyd ro x id e  was used as an ad juvan t .  
Three vaccinees and 4 unimmunized c on t ro ls  were chal lenged w i th  P. 
fa lc iparum sporozo i tes.  Blood stage p a r a s i t e s  were de tec ted  in  
a l l  c o n t ro ls  by day 10. Two vaccinees who did become in fec ted  did 
not develop a paras i taemia  u n t i l  day 11 wh i le  the t h i r d  vaccinee 
did not show paras i tes  or symptoms dur ing the 29 day observation 
per iod.
Bal lou et a l . (1987) have reported the r e s u l t s  o f  a t r i a l  in  
humans o f  a recom b in an t  DNA Pi_ f a l c i p a r u m  vacc ine  c o n t a i n in g  
m u l t i p l e  NANP repeats,  w i th  t h i s  vaccine p ro te c t io n  also appeared 
to  c o r re la te  w i th  ant ibody leve ls .
Asexual blood stage vaccine
Asexual blood stage paras i tes  are s u i ta b le  candidates fo r  a 
mala r ia  vaccine as they are the main ta rg e ts  o f  s p e c i f i c  acquired 
im m u n i t y  [Rev iewed by Cohen 1982].  Th is  i s  a l s o  the p a r a s i t e  
stage which causes the most pathology.
Nonkeys have been s u c c e s s f u l l y  immunized a g a in s t  human 
m a la r i a  us ing  p a r a s i t e s  c u l t u r e d  i n  v i t r o  [Reese e t  a l . 1978].  
The need to  use human serum and e r y t h r o c y t e s  f o r  the  j jn v i t r o  
c u l t i v a t i o n  o f  asexua l  b loods tage  p a r a s i t e s  make t h i s  method 
unsu i tab le  f o r  use w i th  humans. This i s  due to  the la rge amounts 
o f  m a t e r i a l  wh ich  would be r e q u i r e d ,  p rob lems a s s o c ia te d  w i t h
25
e ry th rocy te  ant igens,  and the p o s s i b i l i t y  t h a t  the human sera and 
e r y t h r o c y t e s  may be c on tam in a te d  w i t h  i n f e c t i o u s  agents.  Th is  
method a l s o  r e q u i r e s  the  use o f  an a d ju v a n t  wh ich a ls o  makes i t  
unacceptable fo r  use in  humans.
Plasmodium fa lc iparum in fe c t io n  s t im u la te s  a number o f  immune 
responses to  a la rge number o f  ant igens, and the re fo re  there i s  a 
need to  i d e n t i f y  those ant igens which induce p ro te c t i v e  immunity.
A number o f  a n t ig e n s  have been i d e n t i f i e d  on the s u r fa c e  o f  
in fec ted  RBCS, some o f  which show considerable d i v e r s i t y  [Howard 
e t  a l . 1986 Other ant igens appear to be more conserved; these 
i n c l u d e  an a n t i g e n  a s s o c i a t e d  w i t h  the  micronemes w i t h i n  
metozoi tes ( the RE5A ant igen) which has been descr ibed by Coppel 
e t  a l . (1984) and Cowman e t  a l . (1984).  Th is  155 kDa a n t ig e n  
i s  in se r ted  in to  the e ry th rocy te  membrane at  the t ime o f  merozoi te 
i n v a s io n  [Brown e t  a l . 1985] and a n t i s e ru m  to  t h i s  p r o t e i n  
i n h i b i t s  pa ras i te  growth ijn v i t r o .
C o l l i n s  et  a l . (1986) r e p o r t  t h a t  p a r t i a l  s t e r i l i z i n g  
im m u n i t y  was ach ieved  in  some Aotus monkeys when they  were 
immunized w i t h  a g e n e t i c a l l y  eng ineered  f ragm en t  o f  the RESA 
ant igen. Patarroyo et  a l . (1987) did not achieve p ro tec t ion  when 
us ing  a c o r re s p o n d in g  p e p t id e  sequence (SPf 155.1) to  immunize 
Aotus monkeys. This group, however, do repo r t  t h a t  a combinat ion 
o f  3 p a r t i a l l y  p r o t e c t i v e  p e p t id e s  (SPf 35.1, SPf 55.1 and SPf 
83.1) gave complete or almost complete p ro tec t ion .  These peptides 
are f ragments from molecules s p e c i f i c  f o r  the l a te  schizont and 
merozoi te stages o f  Fj_ fa lc iparum and have molecular masses o f  35 
kDa, 55 kDa and 83 kDa.
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Marsh and Howard (198b) have ev idence  f o r  an a n t i g e n i c a l l y  
conserved ep i tope expressed on fa lc iparum in fec ted  ery throcytes 
i n  Gambian ch i ld ren .  Chi ldren suscep t ib le  to  r e in f e c t io n  w i th  P. 
f a l c i p a r u m  d id  no t  appear to  make a n t i b o d i e s  to  t h i s  ep i tope .  
Serum a n t i b o d i e s  f rom immune a d u l t s  d id ,  however,  b ind  to  t h i s  
epi tope.  I t  may, the re fo re ,  be a ta rg e t  f o r  a p ro te c t i v e  immune 
response.
A n t im a la r ia l  ant ibod ies  from monkeys can block or reverse the 
cy toadhe re nce  o f  p a r a s i t e  i n f e c t e d  RBCS _in v i v o  [D av id  e t  a l .
1983], and i n  v i t r o  [Udeinya e t .  a l . 1983 1 The p a r a s i t e  an t igen  
respons ib le  fo r  cytoadherence i s  the re fo re  a s u i ta b le  ta rge t  fo r  a 
m a la r ia  vaccine. Immunizat ion w i th  t h i s  ant igen may induce the 
product ion  o f  s p e c i f i c  ant ibodies which would block in_ v ivo cyto­
adherence and lead to  the des t ruc t ion  o f  p a ra s i t i s e d  c e l l s  by the 
spleen.
P a r a s i t e  a n t ig e n s  expressed on the  s u r fa c e  o f  i n f e c t e d  
e r y t h r o c y t e s  are im p o r t a n t  t a r g e t s  f o r  v a c c i n a t i o n  as they  are 
exposed to  ant ibody fo r  r e l a t i v e l y  long per iods and so may prove 
e f f e c t i v e  ta rg e ts  even with  low le v e ls  o f  low a v i d i t y  ant ibody.
Merozoi te Vaccine
Merozoi tes are the only asexual blood stage malar ia  paras i te  
d i r e c t l y  accessible to ant ibod ies,  and the re fo re  ant igens o f  the 
merozoi te surface are p o te n t ia l  t a rg e ts  f o r  immune responses which 
would prevent merozoi te invasion o f  e ry th rocy tes .  A number o f  _in_ 
v i t r o  s tud ies  have shown tha t  a n t im a la r i a l  sera from in fec ted  or 
immunized monkeys or human pa t ie n ts  [ M i t c h e l l  et  a l . 1975, Green
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e t  a l . 1981] o r  monoc lona l  a n t i b o d i e s  s p e c i f i c  f o r  m e ro zo i te  
a n t i g e n s  [ E p s t e i n  e t  a l . 1981, Deans e t  a l . 1982, Deans 1984, 
H o l d e r  & Freeman 1984 ]  can b l o c k  m e r o z o i t e  i n v a s i o n  o f  
e r y t h r o c y t e s .  M e ro z o i te s  are o n ly  d i r e c t l y  exposed to  the 
immune system f o r  1-2 m inutes  [Dvorak e t  a l . 1975] be fo re  they  
e n t e r  a new e r y t h r o c y t e .  A vacc ine  aimed a t  m e ro z o i te  su r fa ce  
a n t ig e n s  would depend upon a n t i b o d i e s  e i t h e r  a g g l u t i n a t i n g  
merozoi tes or b locking s p e c i f i c  receptors to  prevent invasion o f  
new e r y t h r o c y t e s  i n  t h i s  s h o r t  t im e .  Ho lde r  e t  a l . (1985) have 
sequenced the surface g lycopro te in  o f  P. fa lc iparum merozoites and 
i t  w i l l  now be poss ib le  to  immunize monkeys w i th  def ined peptides 
c o r re s p o n d in g  to  a n t i g e n i c a l l y  c o n s e r v e d  p o r t i o n s  o f  t h i s  
merozoi te p ro te in .
Sexual stage vaccine
A v a c c in e  a g a in s t  sexua l  fo rms has the  p o t e n t i a l  to  b lock  
m a la r ia  t ransmiss ion  by prevent ing f e r t i l i z a t i o n  o f  gametes [Gwadz 
1976, C a r t e r  e t  a l . 1979] or  p r e v e n t i n g  zygo te  or o o k ine te  
deve lopment  i n  the  mosqui to  [ C a r t e r  e t  a l .  1984] but  has no 
d i r e c t  b e n e f i c ia l  e f fe c t  on the host.
Monoclonal ant ibod ies have been r a i s e d  to  s p e c i f i c  s u r fa c e  
a n t ig e n s  on gametes and zygotes [Rener e t  a l . 1980, Kaushal  e t .  
a l . 1983, Rener e t  a l . 1983). Some monoc lona l  a n t i b o d ie s  b lock  
f e r t i l i z a t i o n  w h i l e  o the rs  p reven t  zygote  deve lopment.  The 
sur face ant igens which can act  as ta rge ts  fo r  t h i s  immunity have 
been i d e n t i f i e d  in  P. qal l inaceum [Rener et  a l .  1980, Kaushal et  
a l .  1983] and i n  P. f a l c i p a r u m  [Rener e t  a l . 1983].
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There are a number o f  i m p o r t a n t  p o i n t s  and prob lems which 
w i l l  determine the usefulness o f  a ma la r ia  vaccine. These include 
th e  i n i t i a l  vacc ine  reg ime r e q u i r e d .  Th is  w i l l  depend on the 
immune s t a t u s  o f  an i n d i v i d u a l  and may vary  w i t h  age and 
c i r c u m s ta n c e s .  For example a v i s i t o r  t o  a m a la r io u s  area would 
re qu i re  a vaccine which induced com p le te  im m u n i ty  to  i n f e c t i o n .  
I t  may however, be more b e n e f i c ia l  to use, f o r  example, a vaccine 
aga ins t  asexual stage paras i tes  to  reduce morb id i ty  in  suscep t ib le 
i n d i v i d u a l s  such as c h i l d r e n  and p regnan t  women l i v i n g  i n  
m a la r i o u s  areas.  The vacc ine  wou ld  p r o t e c t  a g a in s t  i n i t i a l  
contac ts  w i th  the pa ras i te  and repeated in fe c t io n s  would boost the 
immune response so t h a t  i t  would rema in  a t  p r o t e c t i v e  l e v e l s .  
O the r  f a c t o r s  to  be c ons ide red  i n c l u d e ,  the d u r a t i o n  o f  the  
p r o t e c t i v e  e f f e c t ,  the  need f o r  b o o s te r s ,  the r o l e  o f  n a t u r a l  
i n f e c t i o n s  as b o o s te rs  o f  induced im m u n i t y  and the e f f e c t  o f  
an t ig en ic  v a r ia t io n .  Thought must also be given to the cost and 
s t a b i l i t y  o f  a vaccine.
I t  i s  l i k e l y  t h a t  many e p i d e m i o l o g i c a l  s i t u a t i o n s  w i l l  
p r o b a b ly  r e q u i r e  a vacc ine  wh ich  w i l l  be a c o m b in a t io n  o f  an 
an t is p o ro z o i te  vaccine, w i th  one or severa l  asexual stage ant igens 
and also a t ransmission b lock ing component.
In  V i t r o  C u l t i v a t io n  o f  Malar ia Paras i tes
C u l t i v a t i o n  o f  the Asexual E ry th ro c y t i c  Stages o f  P. fa lc iparum
There have been many at tempts to  c u l t i v a t e  malar ia paras i tes  
in  v i t r o . The f i r s t  published work i s  t h a t  o f  Bass & Johns (1912) 
who descr ibe the development o f  _F\_ fa lc iparum from the r ing  to  the
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s c h i z o n t  s tage  i n  whole b lood supp lemented w i t h  dex t rose  or 
m a l to s e .  However,  i t  was no t  u n t i l  1976 t h a t  the c on t in uous  in  
v i t r o  c u l t i v a t i o n  o f  the  asexua l  e r y t h r o c y t i c  stage o f  P. 
fa lc ipa rum  was achieved by two separate groups; Trager & Jensen 
(1976),  and Haynes e t  a l . (1976).  The method o f  Trager  & Jensen 
(1976) has become wide ly  used and subsequent studies  by Trager & 
Jensen (1977, 1978) have shown th a t  the f o l l o w in g  cond i t ions are
necessary  f o r  the s u c c e s s f u l  c o n t i n u o u s  c u l t i v a t i o n  o f  P. 
f a lc ip a ru m . A t h in  s e t t l e d  laye r  o f  human ery th rocytes ,  covered 
w i th  a la y e r  (2-4 mm deep) o f  RPMI 1640 medium supplemented w i th  
25 mM Hepes [ N -2 -hy d rox y e th lp ip e ra z ine -N ' -2 -e than es u l fu r ic  ac id ]  
and 10% human serum. The c o r r e c t  r a t i o  o f  RBCS to  medium i s  
obtained using 10% RBC suspension. Trager and Jensen suggest two 
methods, both prov id ing  the above cond i t ions .
In the f low  v i a l  method a cont inuous slow f low o f  medium i s  
mainta ined over the c e l l s .  The advantage o f  t h i s  method i s  tha t  
d a i l y  a t t e n t i o n  i s  not required. In t h i s  method an atmosphere o f  
7% CO2 , 5% O2  and 88% N2  i s  kep t  f l o w i n g  c o n s t a n t l y  over the  
c u l t u r e .
In the second method the c u l tu re s  are maintained in  p l a s t i c  
p e t r i  d is h e s  and the medium i s  changed m anua l ly  once a day. An 
atmosphere o f  approximately 3% C02> 17% O2  and 80% N2  i s  provided 
by a c and le  j a r .  I t  i s  i n t e r e s t i n g  to  no te  t h a t  S che ibe l  e t  a l . 
(1979) have shown t h a t  the bes t  p a r a s i t e  g row th  was promoted by 
atmospher ic cond i t ions  o f  3% CO2 , 2% O2  and 95% ^
In  bo th  o f  the methods o f  Trager  & Jensen desc r ibed  above 
subcu l tu r ing  i s  ca r r ied  out by mix ing an appropr iate quan t i ty  o f
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i n f e c t e d  c e l l s  f rom a c u l t u r e  w i t h  a q u a n t i t y  o f  f r e s h l y  washed 
u n i n f e c t e d  c e l l s .  T r a g e r  and Jensen  (1978)  r e p o r t  t h a t  
e ry th rocy tes  from A, AB or 0 blood groups can be used success fu l ly  
f o r  t h e  c u l t i v a t i o n  o f  m a l a r i a  p a r a s i t e s  ( b l o o d  g ro u p  B 
e ry th rocy tes  were not tested).  Some v a r ia t i o n  has however, been 
found among donors in  the a b i l i t y  o f  t h e i r  e ry th rocytes  to  support 
pa ras i te  growth. Ery throcytes  stored at  4°C in  ACD (acid c i t r a t e  
dextrose) or CPD ( c i t r a t e  phosphate dextrose) p reserva t ives fo r  21 
days (no longer s u i ta b le  f o r  t ran s fus ion  and there fo re  considered 
o u td a te d  by b lood banks) have been found to  be as s u i t a b l e  as 
f r e s h l y  c o l l e c t e d  e r y t h r o c y t e s  i n  s u p p o r t i n g  p a r a s i t e  g row th  
[Capps and Jensen 1983].
The c u l t u r e  medium used by Haynes e t  a l . (1 976) was 
supplemented medium 199, wh i le  Trager and Jensen (1976) used RPMI 
1640 which was o r i g i n a l l y  designed fo r  the in  v i t r o  c u l t i v a t i o n  o f  
human le u c o c y te s  [Moore e t  a l . 1967],  Divo & Jensen (1982A) 
compared the s u i t a b i l i t y  o f  media f o r  the c u l t i v a t i o n  o f  P. 
fa lc iparum and found tha t  RPMI 1640 was super ior  to  Hams F12 and 
medium 199 supp lemented w i t h  e i t h e r  Eagles or Hanks s a l t s  and 
t h e r e f o r e  RPMI 1640 has remained the  medium o f  cho ice .  To 
main ta in  the pH o f  cu l tu res  between 7.3 and 7.5 ( to obtain op t im a l 
p a r a s i t e  g row th )  T rager  & Jensen (1976) used RPMI supp lemented 
w i t h  25 mM Hepes and 0.2?o sodium b i c a rb o n a te  (NaHCO^). M a la r i a  
pa ras i tes  produce l a c t i c  acid (Jensen et  a l . 1983B) which causes 
a pH change i n  c u l t u r e s ;  Hepes i s  a z w i t t e r i o n  b u f f e r  system 
which augments the C02 bicarbonate b u f fe r  system o f  the medium and 
a l s o  has the advantage o f  m a in t a i n i n g  a s t a b le  pH when c u l t u r e s  
are removed from the C02 enr iched atmosphere required fo r  pa ras i te  
growth.
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Trager & Jensen (1976) f i r s t  achieved cont inuous c u l t i v a t i o n  
o f  ma la r ia  paras i tes  w i th  RPMI conta in ing  10 or 15?o AB serum, but 
any serum compat ib le w i th  the e ry th rocy tes  being used i s  su i tab le .  
Jensen (1979) found t h a t  samples o f  human serum vary  i n  t h e i r  
a b i l i t y  to  support paras i te  growth some samples being e f f e c t i v e  in  
suppor t ing growth at  a concentra t ion o f  5?o or less .
Divo and Jensen (1982B) have shown th a t  i f  human sera from 20 
or more donors are pooled, 5% serum w i l l  support  op t ima l paras i te  
g ro w th .  The re q u i re m e n t  f o r  human sera does however p resen t  
c e r ta in  problems. In endemic areas human sera may be i n h i b i t o r y  
t o  c u l t u r e s  due to  the  presence o f  a n t i m a l a r i a l  a n t i b o d i e s ,  
a n t i m a l a r i a l  drugs or o th e r  i n h i b i t o r y  f a c t o r s  [Jensen e t  a l . 
1982B]. Even in  developed coun t r ies  human sera i s  expensive and 
can be d i f f i c u l t  to  obtain.  Furthermore there  i s  always the r i s k  
t h a t  sera  may be con tam ina ted  w i t h  an i n f e c t i o u s  agent .  A 
s u i t a b le  replacement fo r  human serum i s  the re fo re  des irable .
I n i t i a l  a t te m p ts  to  grow P. f a l c i p a r u m  us ing  c o m m e rc ia l l y  
a v a i la b le  animal sera were not successful  [Jensen et  a l . 1979], 
bu t  I f e d i b a  & Vanderberg (1980) have r e p o r t e d  t h a t  c a l f  serum 
supp lemented  w i t h  neopeptone or p ro teos e  peptone No. 3 w i l l  
s u p p o r t  p a r a s i t e  g rowth  as w e l l  as 10?o human serum. However 
p a r a s i t e s  do appear to  r e q u i r e  an e x te n s i v e  a d a p ta t i o n  p e r io d  
before cont inuous growth can be maintained.
D ivo  & Jensen (1982B) t e s te d  f r e s h l y  c o l l e c t e d  bov ine ,  
porcine,  equine and ovine sera along w i th  three types o f  processed 
human serum and found t h a t  o n ly  bov ine  serum supp lemented w i t h  
neopeptone could support cont inuous pa ras i te  growth and t h i s  was 
a t  reduced leve ls .
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Butcher (1979) repor ts  the growth o f  a l i n e  o f  P^_ fa lc iparum 
i n  RPMI supplemented w i t h  10% horse serum, a f t e r  an i n i t i a l  
a d a p ta t i o n  p e r io d ;  and Sax & Reichman (1980) s u c c e s s f u l l y  grew 
pa ras i tes  in  medium conta in ing  5% pooled ra b b i t  serum.
W i l l e t  and C a n f i e l d  (1984) s u c c e s s f u l l y  c u l t i v a t e d  2 
i s o la te s  o f  P. fa lc iparum fo r  4 weeks in  serum f ree medium, though 
growth ra tes were lower than in  c o n t ro l  cu l tu res  w i th  human serum.
Recen t ly  Grun and Weidanz (1987) have s u c c e s s f u l l y  used 
c o m m e r c i a l l y  o b ta in e d  poo led human and an im a l  (horse ,  c a l f  and 
bov ine )  serum to  c u l t i v a t e  f a l c i p a r u m  a f t e r  the remova l  o f  
an t ibod ies  reac t ive  w i th  human eryth rocytes .
The C u l t i v a t i o n  o f  the  Asexual  E r y t h r o c y t i c  Stages o f  Other 
Species o f  Plasmodium.
The e r y th ro c y t i c  stages o f  4 species o f  malar ia  paras i tes  o f  
rhesus  monkeys have now been s u c c e s s f u l l y  c u l t i v a t e d  us ing  
m od i f i ca t ions  o f  the method o f  Trager & Jensen (1976). Namely P. 
f r a g i l e  [Ch in  e t  a l . 1979] ,  P. cynom o lq i  [Nguyen-Dinh e t  a l . 
1981 ] ,  P. i n u i  [Nguyen-Dinh e t  _al 1980] and P. know l s i  [Wickham 
1980] .  C u l t u re  systems a l l o w i n g  c o n t in u o u s  c u l t i v a t i o n  o f  the 
e r y t h r o c y t i c  s tages o f  the o th e r  human m a la r i a  p a r a s i t e s ,  F\_ 
v i v a x ,  P^ m a l a r i a e  and P^ o v a l e  w i t h  t h e  same ease as P. 
f a l c i p a r u m  have not ye t  been e s t a b l i s h e d .  Rai^Chowderey e t .  a l . 
(1979) repor t  the growth o f  FC_ malar iae in  mixed cu l tu res  w i th  P. 
fa lc ipa rum ; but the establ ishment  o f  pure cu l tu res  o f  F\_ malar iae 
or the use o f  t h i s  mixed c u l tu re  system in  f u r th e r  studies  has not 
been reported.
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L a r rong  e t  a l . (1981) r e p o r t e d  the c u l t i v a t i o n  o f  P. v i v a x  
f o r  43 days us ing  the method o f  Trager  & Jensen (1976) but  w i t h  
h i g h e r  l e v e l s  o f  g lucose i n  the  RPMI and more f r e g u e n t  medium 
change. BrockeJman e t  a l . (1985) were unable to  repea t  t h i s  
success and suggested t h a t  th e  poor  r e - i n v a s i o n  r a te s  observed 
were due to  the p r e d e l i c t i o n  o f  v ivax fo r  immature ery th rocy tes  
[ K i t c h e n  1939].  The f i n d i n g s  o f  Mons e t  a l . (1987) a ls o  suggest 
t h a t  t h i s  r e q u i re m e n t  f o r  r e t i c u l o c y t e s  i s  the main l i m i t i n g  
f a c t o r  i n  the  r e - i n v a s i o n  o f  P. v i v a x . R e t i c u lo c y t e s  compr ise  
o n l y  1 -2% o f  the t o t a l  e r y t h r o c y t e  p o p u la t i o n .  The re fo re  
cons ider ing t h i s  and the above work, the repor t  by Renapurkar et  
a l . (1983) o f  cu l tu res  o f  Fj_ v ivax achieving parasi taemias o f  10% 
i s  c o n f u s i n g .  Pj_ b e r g h e i  a l s o  p r e f e r e n t i a l l y  i n f e c t s  
r e t i c u lo c y te s  and t h i s  pa ras i te  has been success fu l ly  maintained 
i n  c o n t in u o u s  c u l t u r e  [Janse e t  a l . 1984] by the use o f  a 
suspension cu l tu re  method and by d i l u t i n g  cu l tu res  w i th  r a t  blood 
con ta in ing  a high p ropor t ion  o f  r e t i c u lo c y te s .
C u l t i v a t i o n  o f  sporogonic stages
Early  stud ies on the i r i  v i t r o  t rans fo rm at ion  o f  ookinetes to 
oocysts and then to  sporozo i tes  were somewhat l i m i t e d  due to  the 
problems o f  obtaining sporogonic stages from mosquitoes. However, 
t h i s  t r a n s f o r m a t i o n  has been o b ta in e d  i n  success ive  s h o r t  te rm 
c u l tu re s  [Reviewed by Vanderberg et  a l . 1975].
Alger (1968) and Ro sa les -Rongu i l lo  and Si lverman (1974) have 
descr ibed the t rans fo rmat ion  o f  gametocytes to  ookinetes jm v i t r o  
but these methods were e i t h e r  not reproduc ib le  or gave low numbers 
o f  o o k in e te s .  The method used by Weiss & Vanderberg (1977) f o r
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the t rans fo rm at ion  o f  P. berqhei  gametocytes to ookinetes has been 
ana lysed  and im proved  by Janse e t  a l . (1983) and Sinden e t  a l . 
(1985) and i s  now r o u t i n e l y  used. A s i m i l a r  method has been 
deve loped f o r  the  c u l t i v a t i o n  o f  P. q a l l i n a c e u m . [A ikawa  e t  a l .
1984].  C a r t e r  e t .  a l . (1987) r e p o r t  a method f o r  the  p r o d u c t i o n  
o f  matu re  o o k in e te s  o f  P. f a l c i p a r u m  developed from the  method 
used f o r  P. b e r q h e i .
C u l t i v a t i o n  o f  E)&l?ythrocyt ic Stages
The e x o e r y t h r o c y t i c  s tages  o f  av ian  malar ia paras i tes  have 
been s u c c e s s f u l l y  c u l t u r e d  i n  v i t r o  f o r  over  20 years  (Reviewed 
Beaudoui/11977), bu t  i t  i s  o n ly  r e c e n t l y  t h a t  the e x o e r y t h r o c y t i c  
s tages  o f  mammal ian m a la r i a  p a r a s i t e s  have been s u c c e s s f u l l y  
c u l tu red  _in v i t r o .
Strome et a l .  (1979) reported tha t  sporozoi tes o f  P. berqhei 
s u c c e s s f u l l y  en te red  r a t  embryon ic  l i v e r  and b r a i n  c e l l s  and 
underwent some development. These f ind ings  have been conf i rmed by 
Sinden & Smith  (1980) who a ls o  found t h a t  f i b r o b l a s t s  f rom 
em bryon ic  r a t s  were s u s c e p t i b l e  t o  i n v a s io n  by P^ be rqh e i  
sporozo i tes .
I t  was Ho l l ingda le  et  a l . (1981) who f i r s t  demonstrated the 
complete in  v i t r o  development o f  the exoery th rocy t ic  stages o f  P. 
berqhe i . They found th a t  a human embryonic lung c e l l  l i n e  (W138) 
was s u s c e p t i b l e  to  i n v a s io n  by P. be rqh e i  s p o r o z o i t e s  and would 
s u p p o r t  the com p le te  c y c le  o f  deve lopment w i t h  the re le a s e  o f  
merozoi tes [H o l l i ngda le  et a l .  1983].
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I t  has subsequently been shown tha t  P. y o e l i i  w i l l  develop in  
pr im ary  hepatocyte c u l tu res  o f  Thamnomys gazel lae [Maz ier et  a l .
1982] and t h a t  P. b e rq h e i  a l s o  deve lops i n  a hepatoma c e l l  l i n e  
(HEP G2-A16) [H o l l i ngda le  et  a l . 1983].
M az ie r  e t  a l . (1984) have succeeded i n  o b t a i n i n g  the 
c om p le te  e x o e r y t h r o c y t i c  deve lopment o f  F\_ v i v a x , i n  human 
hepatocytes, w i th  the product ion  o f  i n f e c t i v e  merozoites.  Smith 
e t  a l . (1 984) have a l s o  s u c c e s s f u l l y  c u l t i v a t e d  t h e
exoe ry th rocy t i c  stages o f  Ft_ fa lc iparum in  human hepatocytes.
I t  i s  i n t e r e s t i n g  to  no te  t h a t  H o l l i n g d a l e  e t  a l .  (1985) 
have descr ibed the c u l t i v a t i o n  o f  2 populat ions o f  exoe ry th rocy t ic  
pa ras i tes  o f  F\_ v ivax in  the c e l l  l i n e  Hep G2-A16. One popula t ion 
was composed o f  d i v id i n g  schizonts  which released merozoi tes,  the 
second p o p u la t i o n  d id  no t  d i v i d e  and remained a f t e r  the  p r im a r y  
s c h i z o n t s  had d isappeared  from the c u l t u r e .  H o l l i n g d a le  e t  a l . 
(1985) suggest t h a t  t h i s  second n o n - d i v i d in g  p o p u la t i o n  may be 
hypnozoi tes.
Gametocyte Product ion o f  P. fa lc iparum in  v i t r o
Row (1928) reported the presence o f  gametocytes in  cu l tu res  
o f  P^ f a l c i p a r u m  m a in ta in e d  a c co rd ing  to  the method o f  Bass & 
Johns (1912). A number o f  workers have subsequently repor ted the 
appearance o f  gametocytes in  other j\_ fa lc iparum c u l tu re  systems, 
[Haynes e t  a l .  1976; Sm al ley  1976, M i t c h e l l  e t .  a l .
1976, T rage r ,  1971, P h i l l i p s  e t  a l . 1976, T rager  & Jensen, 1976, 
1978, Jensen 1979]. Since the  i n t r o d u c t i o n  o f  the techn ique  o f  
Trager & Jensen (1977?), there have been several stud ies at tempt ing 
to  e l u c i d a t e  the f a c t o r s  c o n t r o l l i n g  gam etocy togenes is  and
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gametocyte matura t ion.  I n f e c t i v e  gametocytes have been obtained 
from cu l tu res  by the a dd i t ion  o f  c y c l i c  adenosine monophosphate
e t; o L  •
(CAMP) (Kaushal'*' 1980) o r  hypoxanthVne [ I f e d i b a  & Vanderberg 1981] 
and by ma in ta in ing  c u l tu res  at  a constant temperature o f  37-38°C 
[Ponnudura i  e t  a l . 1982] d u r in g  the  10 days o r  so necessary  f o r  
the  com ple te  deve lopment  o f  P. f a l c i p a r u m  gametocy tes  i n  v i t r o .  
The o p t im a l  c o n d i t i o n s  p e r m i t t i n g  the product ion o f  gametocytes 
from a l l  i s o la te s  in  cont inuous c u l tu re  s t i l l  have not been f u l l y  
explained but i t  appears tha t  cond i t ions  which are unfavourable to 
asexua l  forms fa v o u r  gametocyte  p r o d u c t i o n ,  [ C a r t e r  & M i l l e r  
1979 , P h i l l i p s  e t_  al_. .19 7 $ .  The s i t u a t i o n  r e g a r d in g  the 
prec ise cond i t ions  necessary fo r  the product ion and maturat ion of  
gametocytes remains unclear but i t  would appear t h a t  environmental  
fac to rs  co n t ro l  the in duc t ion  o f  gametogenesis to some extent.
D i f f e r e n t  i s o l a t e s  o f  P^ f a l c i p a r u m  show i n t r i n s i c  
d i f f e r e n c e s  i n  t h e i r  c a p a c i t y  f o r  g a m e t o c y t e  p r o d u c t i o n  
[BrockeJ.man 1982, Chin & C o l l in s  1980]. I t  has also been shown 
th a t  there i s  a tendency fo r  i n d i v i d u a l  i s o la te s  o f  F\_ fa lc iparum 
to  lo se  the a b i l i t y  t o  produce gametocy tes  i n  v i t r o ; the  t im e  
taken f o r  t h i s  appears t o  va ry  f rom a few weeks to  over  a year 
[Ponnuduras e t  a l . 1982] and i s  c h a r a c t e r i s t i c  o f  a p a r t i c u l a r  
i s o la t e .
Graves e t  a l . (1984A)have shown t h a t  c lones  d e r iv e d  from a 
s i n g l e  i s o l a t e  were a l s o  w id e l y  d i f f e r e n t  i n  t h e i r  c a p a c i t y  f o r  
gametocyte product ion.  The f a i l u r e  o f  ce r ta in  i s o la te s  to  produce 
gametocytes ijn v i t r o  may be due to the loss or suppression o f  par t  
o f  the genome responsib le  fo r  gametocyte product ion or as a res u l t  
o f  unfavourable c u l tu re  cond i t ions.
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D iv e r s i t y  in  Plasmodium fa lc iparum
The slow ra te  a t  which na tu ra l  immunity to  malar ia  develops 
gave the  f i r s t  i n d i c a t i o n s  t h a t  c o n s id e r a b le  d i v e r s i t y  e x i s t s  
between malar ia  paras i tes ,  not  only between species but also among 
organisms belonging to  a s in g le  species.
I t  i s  now w e l l  documented tha t  na tu ra l  populat ions o f  malar ia 
paras i tes  are pheno typ ica l ly  diverse w i th  respect to  a v a r ie t y  o f  
c h a r a c t e r s  such as drug r e s i s t a n c e ,  p a t t e r n s  o f  p r o t e i n s  on 2- 
dimensional  e lec t rophores is ,  le v e ls  o f  gametocytogenesis, isozyme 
type  and i m p o r t a n t l y  a n t i g e n i c  phenotype [Reviewed by W a l l i k e r
1983].
Carter  and McGregor (1973) showed th a t  Gambian i s o la te s  o f  P. 
fa lc iparum o f ten  e xh ib i ted  more than one e lec t ro p h o re t i c  form of  
one or more enzymes. Studies in vo lv ing  i s o la te s  from other parts 
o f  the wor ld have shown tha t  they also conta in  mixtures o f  enzyme 
types  [Sanderson e t  a l . 1981, Tha i thong  et  a l . 1981, Hempelmann 
e t_  _al_. 1981].
The extent  o f  the d i v e r s i t y  found w i th in  s ing le  i s o la te s  o f  
P. f a l c i p a r u m  has been f u r t h e r  i n v e s t i g a t e d  by c lo n in g  s t u d ie s .  
Rosa r io  (1981) p repa red  c lones  from a s i n g l e  i s o l a t e  o f  P. 
f a l c i p a r u m  from T h a i la n d  and showed t h a t ,  w h i l e  the  o r i g i n a l  
uncloned m a te r ia l  exh ib i ted  a mixture o f  several  enzyme va r ian ts ,  
s in g le  clones showed only a s in g le  form o f  each enzyme. This has 
been c o n f i rm e d  by the  f i n d i n g s  o f  Tha i thong  e t  a l . (1984) and 
Graves e t  a l .  (1984A).
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I s o la tes  from d i f f e r e n t  par ts  o f  the wor ld have been found to 
e x h ib i t  d i f fe rences  in  s u s c e p t i b i l i t y  to  a n t im a la r ia l s .  Thaithong 
e t  a l . (1981) dem ons t ra ted  t h a t  i s o l a t e s  o f  P. f a l c i p a r u m  from 
Thailand were less  s e n s i t i v e  to  chloroquine and pyr imethamine than 
is o la te s  from West A f r ic a .  Cloning s tud ies have demonstrated the 
occurrence o f  pa ras i tes  o f  d i f f e r i n g  drug s e n s i t i v i t i e s  w i t h in  an 
i s o la te .  Graves et  a l . (1984A) found th a t  clones prepared from a 
s i n g l e  B r a z i l i a n  i s o l a t e  d i f f e r e d  up to  1000 f o l d  i n  t h e i r  
res is tance to pyr imethamine and Thaithong (1983, 1984), Trager et  
a l . (1981) and Ky le -W e bs te r  e t  a l .  (1985) a l l  p repa red  c lones  
which exh ib i ted  v a r i a t i o n  in  s u s c e p t i b i l i t y  to a n t im a la r ia l s .
T a i t  (1981) has shown, using 2 - d im e n s io n a l  e l e c t r o p h o r e s i s ,  
t h a t  p r o t e i n  v a r i a t i o n s  e x i s t  between i s o l a t e s  f rom d i f f e r e n t  
coun t r ies  and also between is o la te s  from one region o f  Thailand. 
Fenton (1985) examined pro te ins  in  2 i s o la te s  o f  FC_ fa lc iparum and 
found tha t  wh i le  c e r ta in  pro te ins  possessed more than one form in  
uncloned m a te r ia l ,  only s ing le  forms were present in  clones. This 
has been conf i rmed by the f ind ings  o f  Thaithong et  a l . (1984).
Considerable an t igen ic  d i v e r s i t y  has also been shown to ex is t  
between i s o l a t e s  o f  P. f a l c i p a r u m  [M cB r ide  e t  a l . 1982, Wi lson 
e t  a l . 1969, 1975, W i lson  1980, Hommel e t  a l . 1983, Tha i thong  
e t  a l . 1984, Graves et  a l . 1985, McBride e t  a l . 1985, Howard 
e t  a l . 1986 A&B, Marsh & Howard 1986].
W i lson  e t  a l . (1969, 1975) and W i lson  (1980) demons t ra ted  
the  d i v e r s i t y  o f  S. a n t ig e n s  between d i f f e r e n t  i s o l a t e s .  S. 
ant igens are so lub le  m a la r ia l  p ro te ins  which are released in to  the 
plasma or c u l tu re  medium when p a ras i t i sed  e ry th rocy tes  rupture  to
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r e le a s e  m e ro z o i te s .  These a n t ig e n s  a l s o  rema in  s t a b le  and 
immunoreactive a f t e r  t rea tment  at  100°C [W i lson et  a l .  1969].
Wilson et  a l . (1969) examined sera from malar ia  pa t ie n ts  in  
the  Gambia and found t h a t  i n d i v i d u a l  p a t i e n t s  had up to  f i v e  S. 
a n t ig e n s  i n  t h e i r  serum a t  any one t im e ;  the  d i v e r s i t y  o f  S. 
ant igens w i t h in  i s o la te s  has also been demonstrated by Winchel l  
e t  a l . (1984) Anders e t  a l . (1983) and Howard e t  a l . (1986A).
McBride e t  a l . (1982) r a i s e d  monoc lona l  a n t i b o d i e s  to  two 
i s o l a t e s  o f  f a l c i p a r u m  from Tha i la nd .  These monoc lona l  
an t ibod ies  were then used in  an immunofluorescence te s t  against  P. 
fa lc iparum i s o la te s  from var ious countr ies .  Some ant ibod ies  gave 
p o s i t i v e  r e s u l t s  w i t h  a l l  i s o l a t e s  t e s te d  showing t h a t  they 
recognised ant igens common to  a l l  i s o la te s ;  other  ant ibod ies  gave 
p o s i t i v e  r e s u l t s  w i th  some is o la te s  but not w i th  others.  With in  
i n d i v i d u a l  i s o l a t e s  some p a r a s i t e s  gave p o s i t i v e  r e s u l t s  w i th  a 
given ant ibody wh i le  others were n e g a t i v e ,  i n d i c a t i n g  a n t i g e n i c  
d i v e r s i t y  no t  o n ly  between i s o l a t e s  but a l s o  w i t h i n  i n d i v i d u a l  
i s o la te s .
Marsh & Howard (1986) used an ant ibody mediated a g g lu t in a t ion  
assay to  show an t igen ic  d i v e r s i t y  in  i s o la te s  o f  P^ fa lc iparum in  
the Gambia. Serum samples taken from a group o f  ch i ld ren  in  the 
c on v a le s c e n t  s tage o f  m a la r i a  reac ted  w i t h  PRBCS from the  same 
c h i l d  bu t  no t  u s u a l l y  w i t h  i n f e c t e d  c e l l s  f rom o th e r  c h i l d r e n .  
Adul t  serum from the same area o f ten reacted w i th  PRBCS from a l l  
the  c h i l d r e n  i n d i c a t i n g  t h a t  the c h i l d r e n s  e r y t h r o c y t e s  a ls o  
showed shared d e te r m in a n ts .  The a d u l t  serum was a l s o  shown to  
conta in  an t ibod ies  to  several  i so la tes .
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Clones prepared from a s in g le  i s o la t e  o f  fa lc iparum have 
a l s o  been shown to  d i f f e r  i n  the presence or absence o f  knobs 
[T ra g e r  e t  a l . 1981, Tha i thong e t  a l . 1984, Green e t  a l . 1985]) 
and gametocyte producing a b i l i t y  [Trager and Jensen 1981, Graves 
e t_  al_, 1 984B ] .
The deve lopment  o f  the tec h n iq u e  o f  Trager  & Jens&n (1976) 
fo r  the i r i  v i t r o  c u l t i v a t i o n  o f  the asexual e r y th ro c y t i c  stages o f  
P. f a l c i p a r u m  has been a majo r  b reak th rough  i n  the f i e l d  o f  
mala r ia  research, but problems associated w i th  the adaptat ion of  
f r e s h ly  i s o la te d  paras i tes  to cu l tu re  s t i l l  remain. Most i so la tes  
grow p o o r l y  d u r in g  the  f i r s t  weeks o f  c u l t i v a t i o n ,  [T ra g e r  & 
Jensen 1976, Chin & C o l l in s  1980] and only some can be establ ished 
sucess fu l l y  i n  cu l tu re .
Trager (1982) has suggested tha t  d i f f i c u l t i e s  o f  adaption may 
be due to  techn ica l  inadequacy ra ther  than because o f  any inherent 
p r o p e r t i e s  o f  the  p a r a s i t e .  However,  a d e c l i n e  i n  p a r a s i t e  
numbers i s  f r e q u e n t l y  observed d u r in g  the  f i r s t  1-6 weeks o f  
c u l t i v a t i o n  s u g g e s t in g  t h a t  p a r a s i t e  s e l e c t i o n  i s  t a k i n g  p lace.  
I n  v iew o f  the  c o n s id e ra b le  d i v e r s i t y  found w i t h i n  i n d i v i d u a l  
i s o l a t e s  o f  P^_ f a l c i p a r u m  i t  would seem l i k e l y  t h a t  when an 
i s o la t e  i s  slow to  adapt to cu l tu re ,  se lec t ion  i s  occur r ing,  in  so 
fa r  as only a p ropor t ion  o f  the o r i g i n a l  paras i te  popula t ion  may 
be ab le  t o  make the  t r a n s i t i o n  to  c o n t in u o u s  g row th  i n  c u l t u r e .  
Th is  v iew i s  suppor ted  by the f i n d i n g s  o f  a number o f  workers.  
I s o la te s  cu l tu red  _in v i t r o  have been found to show changes in  drug 
s e n s i t i v i t y  (Jensen 1981) and the a b i l i t y  to produce gametocytes 
[Ponnudu ra i  e t  a l . 1982). Howard e t  a l  (1986A)were ab le  to
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i d e n t i f y  more 3H g lyc ine  la be l led  S. ant igens in  i s o la te s  analysed 
d i r e c t l y  f rom p a t i e n t s  than were found by Anders e t  a l . (1983) 
and W in c h e l l  e t  a l . (1984) i n  c u l t u r e - a d a p t e d  f a l c i p a r u m  
i s o la t e s .
Rosario (1981) found tha t  an i s o l a t e  from Thai land contained 
2 fo rm s  o f  g lucose  phosphate isom erase ,  GPI 1 and GPI 2 and 2 
fo rm s  o f  adenosine deaminase ADA1 and ADA2. A f t e r  2 weeks i n  
v i t r o  c u l t i v a t i o n  ADA 2 could not be detected and a f t e r  3 weeks o f  
c u l t i v a t i o n  GPI 2 could not be detected e i th e r .  The c u l t i v a t i o n  
o f  i s o l a t e s  b e a r in g  knobs (K+) on the  i n f e c t e d  e r y t h r o c y t e  
membrane has a l s o  been shown to  le ad  to  the  lo s s  o f  these knob 
s t r u c t u r e s  (K“ ) [L a n g re th  e t  a l . 1979].  Th i s  lo s s  o f  knobs was 
the  f i r s t  change observed in  F\_ f a l c i p a r u m  as a r e s u l t  o f  long  
term i-n v i t r o  c u l t i v a t i o n  and has been shown to  c o r re la te  w i th  the 
loss  o f  the property  o f  cytoadherence to  human endo the l ia l  c e l l s  
[Udeinya et  a l . 1983] or amelonat ic melanoma c e l l s  [Schmidt et  
a l . 1982] .  K”  v a r i a n t s  have a ls o  been found to  be le s s  v i r u l e n t  
than K+ paras i tes  in  i n t a c t  Aotus monkeys [Lanners & Trager 1984; 
Green e t .  a l . 1985] but K" p a r a s i t e s  grow more r a p i d l y  than K+ 
pa ras i tes  in  v i t r o  [Mo ty l  & Reese 1983]. This i s  impor tant  as i t  
im p l ie s  th a t  the paras i tes  studied and cu l tu red  _in v i t r o  are those 
most ab le  t o  s u r v i v e  under c u l t u r e  c o n d i t i o n s  r a t h e r  than those 
best adapted fo r  l i f e  in  the host. I t  i s  the re fo re  probable tha t  
most l i n e s  o f  Fj_ fa lc iparum which have been adapted to cu l tu re  do 
not represent a l l  the gene t i ca l ly  d i s t i n c t  clones present in  the 
o r i g i n a l  i s o la t e .
The c o n s e rv a t i o n  o f  the e n t i r e  p a r a s i t e  p o p u la t i o n  i s  an 
i m p o r t a n t  aim i f  P^_ f a l c i p a r u m  c u l t u r e s  are to  be used f o r
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b i o c h e m i c a l  a n a l y s i s ,  f o r  d r u g  s c r e e n i n g  o r  f o r  a n t i g e n  
produc t ion .
The use o f  Feeder Cel ls
I t  has been reported tha t  some c e l l  types and hybridomas grow 
more v igo rous ly  and show extended l i f e  i n  v i t r o  when c u l t i v a te d  in  
assoc ia t ion  w i th  other c e l l s  ( feeder c e l l s ) .
S h a f f e r  e t  a l . (1953) r e p o r t e d  t h a t  a l i v e r  suspens ion 
p repa red  from c h i c k  embryos suppo r ted  b e t t e r  m u l t i p l i c a t i o n  o f  
Entamoeba h i s t o l y t i c a  than c e l l  suspens ions  prepared from o th e r  
embryonic chick organs.
Puck and Marcus (1955) d e s c r ib e d  the e f f e c t s  o f  i r r a d i a t e d  
monolayers o f  HeLa c e l l s  on the c lon ing  o f  these c e l l s  _in v i t r o .
M ic h a lo p o u la s  e t  a l . (1979) des c r ib e d  the use o f  a feeder  
c e l l  l a y e r  o f  human f i b r o b l a s t s  t o  c u l t i v a t e  p a r e n c h y m a l  
he p a to c y te s  f rom a d u l t  r a t s ,  and Rheinwold and Green (1975) 
repor ted the growth o f  human d i p l o i d  epidermal c e l l s  on a feeder 
c e l l  l a y e r  o f  f i b r o b l a s t s  (T3 c e l l s ) .  I s h i i  e t  a l . (1981) a l s o  
used human f i b r o b la s t s  as feeder c e l l s  f o r  mouse lymphoma (L1210) 
c e l l s .  L1210 c e l l s  have also been success fu l ly  c u l t i v a te d  using a 
feeder c e l l  la ye r  o f  mouse macrophages [Nathan & Terry 1975], 3T3 
c e l l s  and L c e l l s  [ Tanapat e t  a l . 1978].
The use o f  feeder  c e l l s  i n  the  c u l t i v a t i o n  o f  b loods t ream  
form trypanosomes i s  now w e l l  es tabl ished.  Hirmi et_ _al. (1977) 
used a feede r  c e l l  l a y e r  o f  f i b r o b l a s t - l i k e  c e l l s  i s o l a t e d  from 
bov ine  b lood  o r  t i s s u e  to  c u l t i v a t e  hematozo ic  t rypanosomes.  
E p i t h e l i a l - t y p e  c e l l  l i n e s  have a l s o  been used s u c c e s s f u l l y  as
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have some c o m m e r c i a l l y  a v a i l a b l e  c e l l  l i n e s  from other mammals 
H i r u m i  e t  a l . (1980).  Brun e t  a l . (1981) hai /^also s u c c e s s f u l l y  
c u l t i v a t e d  b loods t ream  forms o f  T. b r u c e i , T. rhodes iense  and T. 
gambiense us ing  feede r  c e l l s  d e r i v e d  from the  embryos o f  New 
Zealand wh ite  rabb i ts  or the mountain vole Microtus montanus.
The use o f  feeder  c e l l s  i n  the  c u l t i v a t i o n  o f  m a la r i a  
pa ras i tes  has also been reported.
S u lz e r  and L a to re  (1977) used feede r  c e l l  l a y e rs  o f  human 
embryo lung f i b r o b la s t s ,  human amnion c e l l s ,  and kidney c e l l s  from 
Rhesus and A f r ican  green monkeys when c u l t u r in g  fa lc ipa rum , P. 
v i v a x  and P. m a la r i a e  to  the s c h i z o n t  s tage.  They re p o r te d  t h a t  
no f a i l u r e s  in  the c u l tu re  method occurred when feeder c e l l s  were 
used but occasional f a i l u r e s  did occur when feeder c e l l s  were not 
used.
Brown and Smalley (1980) repor ted tha t  a s i g n i f i c a n t  increase
^  4  P ' f i l c i  p g r p  r v \
i n  the  g row th  o f  a c u l t u r e  adapted i s o l a t e  was observed in  
c u l tu re s  conta in ing  per iphera l  mononuclear c e l l s  (PBMNS).
Mazier et  a l .  (1984A)have shown th a t  c u l tu r in g  fa lc iparum 
i n  the  presence o f  a feeder  c e l l  l a y e r  o f  roden t  hepa tocy tes  co­
c u l t i v a te d  w i th  a l i v e r  e p i t h e l i a l  c e l l  l i n e  leads to an increase 
i n  p a r a s i t e  m u l t i p l i c a t i o n .  These workers also repor t  tha t  new 
i s o la t e s  o f  FN_ fa lc iparum appear to  adapt to  c u l tu re  more re a d i l y  
i n  the presence o f  a feeder c e l l  layer .
P h i l l i p s  et  a l . (1987) r e p o r t  t h a t  f r e s h  and c ryop rese rved  
i s o l a t e s  o f  P. f a l c i p a r u m  can be adapted to  con t inuous  i n  v i t r o  
c u l t i v a t i o n  by the  use o f  feeder  c e l l  l a y e r s  o f  PBMNS or mouse 
p e r i t o n e a l  wash c e l l s  (PIaICS).
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The method o f  Mazier et  a l . (1984) using rodent hepatocytes
as fe e d e r  c e l l s  i s  t e c h n i c a l l y  complex and not s u i t a b l e  f o r
ro u t in e  a p p l i c a t io n .  This i s  also t rue  o f  the method o f  P h i l l i p s  
e t  a l . (1987) i n v o l v i n g  the use o f  PBMNS.
The use o f  PWCS as feede r  c e l l s ,  as d es c r ib ed  by these 
workers i s  however s imple and s u i t a b le  f o r  rou t ine  use.
Exper imental  Rat ionale
I t  i s  now w e l l  documented t h a t  n a t u r a l  i n f e c t i o n s  o f  P.
fa lc iparum  are mix tures o f  g e n e t i c a l l y  d i v e r s e  p a r a s i t e s  and i t
wou ld  seem l i k e l y  t h a t  when an i s o l a t e  i s  s low to  adapt to  
c u l t u r e ,  s e le c t io n  i s  tak ing place in  so fa r  as only a propor t ion  
o f  the o r i g i n a l  pa ras i te  popula t ion i s  able to  make the t r a n s i t i o n  
t o  i n  v i t r o  c u l t i v a t i o n .  Th is  i s  im p o r t a n t  because i t  i m p l i e s  
th a t  pa ras i tes  cu l tu red  and s tud ied _in v i t r o  may not be the most 
i m p o r t a n t  component o f  the o r i g i n a l  i n f e c t i o n .  I t  i s  t h e r e f o r e  
d e s i r a b l e  t o  adapt i s o l a t e s  as r a p i d l y  as p o s s ib le  to  i n  v i t r o  
c u l t u r e  and to  m a in t a i n  the p a r a s i t e  p o p u la t i o n  as c l o s e l y  as 
poss ib le  to  the o r ig i n a l .
I t  has been shown t h a t  i s o l a t e s  o f  Fh_ f a l c i p a r u m  e x h i b i t  
increased m u l t i p l i c a t i o n  rates and adapt to cu l tu re  more re a d i l y  
when c u l t u r e d  i n  the  presence o f  feede r  c e l l s  [M a z ie r  e t  a l .  
1984, P h i l l i p s  e t  a l . 1987].
The r o l e  p layed  by feeder  c e l l s  i n  p rom o t ing  an in c re a s e  i n  
p a ras i te  m u l t i p l i c a t i o n  ra te  and in  the adaptat ion o f  new is o la te s  
o f  fa lc iparum to cu l tu re  was inves t iga ted .
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The use o f  feeder c e l l s  was also app l ied  to  the development 
o f  a t e c h n iq u e  a l l o w i n g  p a r a s i t e s  t o  be c loned (by l i m i t i n g  
d i l u t i o n )  s t r a i g h t  f rom an i n f e c t e d  b lood  sample w i t h o u t  f i r s t  
having to  adapt the i s o la te  to  c u l tu re .
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New Iso la tes  o f  P. fa lc iparum
Blood was c o l le c te d  from in fec ted  pa t ie n ts  i n t o  preservat ive  
f r e e  h e p a r in  (Evans) i n  PBS pH 7.2 (see Append ix)  (10 i . u .  ml"1 
blood). The p a ra s i t i s e d  blood was stored a t  4°C u n t i l  i t  could be 
processed.
Normal Human Ery throcytes
Normal human, blood group 0 rhesus p o s i t i v e  red blood c e l l s  
(NRBCS) were p r o v id e d  by the West o f  S co t land  Blood T ra n s fu s io n  
S e rv ic e .  The c e l l s  were re c e iv e d  as ou td a te d  (4 weeks a f t e r  
d o n a t io n )  450 ml packs o f  whole b lood c o l l e c t e d  i n t o  C i t r a t e  
P h o s p h a te  D e x t r o s e  A d e n in e  (CPDA). A l i q u o t s  were removed 
a s e p t i c a l l y  and cen t r i fuged  at  250g fo r  15 mins and the plasma and 
bu f fy  coat removed. The NRBS were washed tw ice  in  incomplete RPMI 
1640 medium (see Appendix) by c e n t r i f u g a t io n  (250g fo r  15 minutes) 
and resuspension, before being stored in  incomplete medium at 4°C 
f o r  up to 4 weeks p r i o r  to use in  cu l tu res .
Normal Human AB Serum
Normal human AB serum was p rov ided  by the  West o f  Sco t land  
Blood Transfusion Service.  This was received deep frozen and was 
thawed on a r r i v a l .  I t  was then d ispensed i n  10 ml a l i q u o t s ,  
f rozen and s tored at  -70°C u n t i l  required.
Routine Maintenance o f  P. fa lc iparum in  v i t r o
Parasi tes were ro u t in e ly  maintained L^n v i t r o  according to the 
method o f  T rager  & Jensen (1976) i n  com p le te  RPMI 1640 (see 
Appendix).
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Paras i tes  were cu l tured at  a 10SS haematocr i t  in  35mm p la s t i c  
p e t r i  d is h e s  (Gibco) and incuba ted  a t  37°C i n  a cand le  j a r .  The 
medium was changed d a i l y  and cu l tu res  were d i l u t e d  w i th  NRBCS when 
the paras i taemia reached 2-3%.
Parasi taemia
The parasi taemia was determined by count ing the percentage o f  
i n f e c t e d  RBCS in  t h i n  blood smears made from c u l t u r e s  or f rom 
blood samples. The blood smears were a i r  d r ied ,  f ixed  in  absolute 
methanol (Analar-BDH) and stained in  10% Giemsa's s ta in  (GURR) in  
b u f f e r ,  pH 7.2 (see Appendix).  Blood smears were examined under 
o i l  immersion using a 100 x ob jec t ive  and a X 10 eyepiece lense on 
a L e i t z  S.M. Lux binocular  microscope.
Low parasi taemias were enumerated by count ing the number o f  
p a r a s i t e s  observed i n  a t o t a l  o f  30 f i e l d s .  I f  more than 3-4 
p a r a s i t e s  were observed per f i e l d ,  the  number o f  p a r a s i t e s  
observed in  a t o t a l  o f  500 ery th rocytes  was counted. Blood smears 
were considered to be negative i f  no paras i tes  were observed in  a 
t o t a l  o f  100 f i e l d s .
I n i t i a t i o n  o f  Cultures
A) New Is o la te s
I n f e c t e d  whole blood was c e n t r i f u g e d  a t  250g f o r  15 
m inu tes  and the plasma and b u f f y  coa t  removed. The packed 
RBCS were washed tw ice in  incomplete medium by c e n t r i f u g a t io n  
and resuspens ion .  They were then resuspended i n  comple te  
medium to  g ive  a 10% h a e m a to c r i t  and dispensed i n  1.5 m 1 
a l iq u o ts  i n  35mm p la s t i c  p e t r i  dishes.
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B) Recovery from s ta b i l a te
Paras i tes were recovered from s t a b i l a t e  by thawing in  a 
37°C w a te rb a th .  The ampoule c o n te n ts  were t r a n s f e r r e d  to  a 
s t e r i l e  un iversa l  tube and d i lu te d  w i th  0.5 mis o f  4.5% sa l ine  
f o l l o w e d  by 4.5 mis o f  3.5?o s a l i n e  (see Append ix).  Th is  was 
added d ropw ise  w i t h  f r e q u e n t  m ix in g .  The p a r a s i t i s e d  RBCS 
(PRBCS) were washed tw ice in  incomplete medium, resuspended in  
complete medium and dispensed as above.
Cryopreservat ion o f  Parasites
A) New I s o la te s
P a r a s i t e s  f rom p a t i e n t s  were c ry o p re s e rv e d  us ing  the  
method o f  P h i l l i p s  and Wilson (1978). Blood was d i lu te d  50:50 
w i t h  a s o l u t i o n  o f  s o r b i t o l / g l y c e r o l  (see Append ix).  The 
s o r b i t o l / g l y c e r o l  was added s l o w l y ,  d ropw ise  w i t h  f re q u e n t  
mixing. A l iquo ts  o f  up to 1 ml o f  the d i l u t e d  blood were snap 
f r o z e n  and s to re d  as s t a b i l a t e s  i n  l i q u i d  N i t ro g e n  u n t i l  
requ i red .
B) Establ ished Cultures
Cultures w i th  a high p ropor t ion  o f  r in g  stage paras i tes
S for S  m',nS
were cen t r i fuged  at  200g and the c u l tu re  medium removed. The 
packed PRBCS were resuspended in  an equal volume o f  human AB 
serum, wh ich was then d i l u t e d  w i t h  s o r b i t o l / g l y c e r o l  and 
frozen as above.
Synchronization of P. falciparum erythrocytic stages in culture
Cultures were synchronized according to the method o f  Lambros
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and Vanderberg (1979). Cultures with a high proportion of ring 
stage parasites were centrifuged at 200g for 5 minutes. The 
pellet was resuspended in 2.5 mis of 5% D “ Sorbitol (see Appendix) 
per 0.5 ml of packed PRBCS and incubated at room temperature for 5 
mins. The PRBCS were washed twice in incomplete medium and 
returned to culture. The treatment was repeated 33 hours later.
Concentration of P. falciparum schizont infected RBCS
Schizont infected RBCS were concentrated using a modification 
of the method of Dluzewski et al. (1984). Parasite cultures 
diluted (in complete medium) to a 5% haemotocrit were layered onto 
15% Percoll (Pharmacia) pre-warmed to 37°C and centrifuged at 350 
g for 15 minutes. A band of schizont infected RBCS was formed at 
the medium/Percoll interface which was collected, washed twice in 
incomplete medium by centrifugation (200g for 5 minutes) and 
resuspension.
Cloning of P. falciparum b^ limiting dilution
A suspension of PRBCS was prepared in complete medium so as 
to contain 0.25 PRBCS per 100 ul at a 2 . 5% haemotocrit. 200 jul 
aliquots were dispersed into a 96 well microtitre plate; 100 >ul 
of medium was replaced daily. On days 5, 12 and 17, 100 >j1 of 
medium were removed and replaced with 100 jul of a NRBC suspension 
at 0.5% haematocrit. After 21 days a thin blood smear was made 
from each well and examined for the presence of parasites.
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C o l le c t io n  o f  Mouse Per i toneal  Wash Cel ls  (PWC5)
PWCS were co l lec ted  by pe r i tonea l  lavage o f  3-6 month old ,  
male or female NIH mice, w i th  5 mis o f  ice cold incomplete medium. 
The c e l l s  were c o l l e c t e d  a s e p t i c a l l y  by a s p i r a t i o n  i n t o  a 5 ml 
syr inge w i th  a 21G needle, cen t r i fuged  at  room temperature fo r  5 
minutes a t  200g and resuspended in  ice cold complete medium. Ce l l  
numbers were evaluated in  a haemocytometer and then d i l u t e d  w i th  
c om p le te  medium to  g ive  the r e q u i r e d  c o n c e n t r a t i o n .  The c e l l s  
were s tored on ice throughout the procedure.
Separat ion o f  Adherent and Non Adherent PWC populat ions 
Method J_
PWCS were incuba ted  o v e r n i g h t  i n  comple te  medium a t  a
A 1c o n c e n t r a t i o n  o f  2 x 10 c e l l s  ml i n  p l a s t i c  p e t r i  d ishes  a t  
37°C i n  a cand le  j a r .  The f o l l o w i n g  day the non adherent  c e l l s  
were resuspended, by p ipe t te ,  in  the medium in  the p e t r i  d ish,  and 
removed to  another p e t r i  dish.  The number o f  non adherent c e l l s  
was counted using a haemocytometer. The remaining adherent c e l l s  
were washed by the add i t ion  and removal o f  complete medium to  the 
p e t r i  d i s h  w i t h  a p i p e t t e .  The adheren t  c e l l s  were then e i t h e r  
used in  s i t u  or were removed using a rubber pol iceman, resuspended 
i n  c om p le te  medium and counted us ing  a haemocytometer .  The 
adherent c e l l s  were stored on ice  dur ing t h i s  procedure.
Method 2
Twenty grams o f  Sephadex G10 (Pharmac ia) was re h y d ra te d  in  
excess PBS, swol len at  90°C fo r  1 hour and degassed. Most o f  the
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PBS was then removed and the Sephadex autoclaved fo r  20 minutes.
A 20 ml s t e r i l e  s y r in g e  b a r r e l  w i t h  the p lunge r  removed was 
l o o s l e y  packed w i t h  0.5 ml o f  s t e r i l e  g lass  wool .  The Sephadex 
was added and al lowed to  s e t t l e  to a depth o f  10 cm (the PBS being 
a l lowed to run out o f  the syr inge).  The column was washed through 
w i t h  10 mis o f  warm comple te  medium. 1 ml o f  com p le te  medium 
c o n t a i n i n g  up to  2 x 10® PWCS was added to  the column wh ich was
then washed through w i th  25 mis o f  warm complete medium and the
e f f l u e n t  conta in ing the non adherent PWCS co l lec ted .
PWC Condit ioned Medium
PWCS were incubated in  complete medium at  a concentra t ion  o f  
2 x 106 c e l l s  m l " 1 a t  37°C i n  5% C02 f o r  24, 48, 72, 96 or  120 
hours. The cu l tu re  supernatant was then co l lec ted ,  c en t r i fuged  at  
200g fo r  5 mins and frozen at  -20°C u n t i l  required.
PWC Condit ioned NRBCS
Adherent  PWCS were prepared a t  a c o n c e n t r a t i o n  o f  1 x 10^ 
c e l l s  m l " 1 i n  comple te  medium. NRBCS were added to  g i v e  a 10?o 
haematocr i t  and incubated at  37°C in  a candle j a r  -for TZ. V»0ors.
C u l t i v a t i o n  o f  Human Ce l l  Lines
Three human c e l l  l i n e s ,  R a j i ,  K562 and 143 were grown i n  
complete medium in  T-25 t issue  c u l tu re  f lasks  (NUNC-Gibco Europe) 
u s in g  5 mis o f  medium per f l a s k  and incuba ted  a t  37°C i n  5?o C02 ar\A35/a;r. 
R a j i  grows in  suspension and 2.5 mis o f  medium was replaced every 
3rd day. 143 and K562 both grow at tached to the f la s k  and 2.5 mis
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o f  medium was rep la ced  every  2nd day. When the  c e l l s  became 
con f luen t  they were t ryps in ised .
T ry p s in is a t io n  fo r  t r a n s fe r r i n g  Ce l l  Lines
The medium was removed from f l a s k s  c o n t a i n in g  a c o n f l u e n t  
c e l l  l a y e r .  The c e l l s  were washed w i t h  PBS (pH 7.2),  c o ld  10% 
t r y p s i n  (N o r th um b r ia  B i o l o g i c a l s  L td )  i n  PBS was added f o r  30 
seconds and then discarded. The f la s k  was incubated at  37°C in  b% 
CO2  u n t i l  the  c e l l s  de tached (5-15 m inu tes ) .  The c e l l s  were 
resuspended in  complete medium to give the required concentra t ion 
o f  c e l l s / m l  (1 x 104 f o r  143, or 3 x 105 f o r  K562).
I r r a d i a t i o n  o f  Cel ls
Ce l ls  were i r r a d ia te d  w i th  3000 rads from a coba l t  source, at  
a ra te  o f  approximately 550 rad/min. TT>cu ceis uje-re. in
C om  plete_ m ec\ium.
C u l t i v a t i o n  o f  Microtus montanus c e l l  l i n e
The c e l l s  were cu l tu red  in  Minimum Essent ia l  Medium (MEM, see 
Appendix) i n  T-25 t issue  c u l tu re  f lasks  using 5 mis o f  medium per 
f la sk .  They were incubated at  37°C in  5% C02 and 5 mis o f  medium 
was changed d a i l y .  When the  c e l l s  became c o n f l u e n t  they  were 
t r y p s in is e d ,  resuspended in  10 mis o f  medium and d iv ided between 2 
f la s k s .
Cryopreservat ion o f  PWCS
PWCS were cryopreserved using a m od i f ica t ion  o f  the method of  
Wells & Pr ice (1983).
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200 j j I  a l iq u o ts  o f  PWC suspension at  2 x 106 c e l l s  m l-1 were 
dispensed in  96 w e l l  p la tes  and incubated overn ight  at  37°C in  5% 
C02* The complete medium was removed and replaced w i th  150 ju l  o f  
f reez ing  medium; e i t h e r  RPMI w i th  10% Foetal  Ca l f  Serum (FCS) and 
6°o DMSO, or FCS w i t h  10% DMSO. The p l a te s  were wrapped i n  c l i n g  
f i l m  and placed in s ide  j i f f y  bags and frozen at  -70°C.
Plates were thawed as described in  the te x t  by the add i t ion  
o f  150 jul  o f  warm incomplete medium fol lowed by incuba t ion  fo r  5 
m inu tes  a t  37°C i n  5% C02. The f r e e z in g  medium was removed and 
replaced w i th  200 u l  o f  complete medium and the p la te  incubated as 
above.
I n d i r e c t  Fluorescent Antibody Test [ IFAT]
C u l t u re s  w i t h  a h igh  p r o p o r t i o n  o f  l a t e  trophozoite, and 
s c h i z o n t  s tage p a r a s i t e s  were used as a source o f  a n t ig e n .  The 
PRBCS were washed 3 t imes in  excess PBS (-pf! 7.2) (see appendix) by 
c e n t r i f u g a t io n  (200 g fo r  5 minutes) and resuspension.
A f te r  the l a s t  wash the c e l l s  were resuspended to  less than 
the o r i g i n a l  blood volume.
Tef lon coated 12 w e l l  m u l t i t e s t  s l ides  (Flow) were washed in  
detergent,  r insed in  tapwater fo l lowed by d i s t i l l e d  water and then 
ethanol  and f i n a l l y  hand dr ied w i th  Kleenex t issues.
Approximately 100 ju l  o f  PRBC suspension were p ipe t ted  up and 
down onto the w e l l  several  t imes to  ensure the w e l l  was completely 
covered. Sl ides were dr ied w i th  a h a i r  d r ie r ,  packed w i th  s i l i c a  
gel  and stored at  -20°C.
56
The IFAT used f o l l o w e d  the method o f  used by McBr ide e t .  a l  
(1982).  S l i d e s  were taken from -20°C, im m e d ia te l y  f i x e d  in  
a b s o lu t e  acetone [May and Baker]  and a i r  d r i e d .  40 ju l  o f  
monoclonal ant ibody d i l u t i o n  (d i lu te d  in  PBS w i th  1% sodium azide 
and bov ine  serum a lbum in  (BSA)^)was added to  each w e l l  and then 
incubated fo r  30 minutes at  room temperature in  a humid chamber. 
The s l i d e s  were washed 3 t imes in  successive baths o f  PBS, drained 
and FITC c o n juga ted  a n t i  mouse IgG ( M i le s )  d i l u t e d  1:25 i n  PBS 
con ta in ing  Evans Blue (1:0 000 w/v) was app l ied to the s l i d e s  and 
in c u b a te d  f o r  30 m inu tes .  The s l i d e s  were aga in  washed and 
mounted i n  1:1 PB S/G lyce ro l  (Merck).  F luo rescene  was observed 
using a L e i t z  microscope. The overhead u l t r a v i o l e t  source was a 
Wotan HB0-50 Mercury  lamp w i t h  2 X KP490 e x c i t i n g  f i l t e r s  and a 
TK510 d ic h o r ic  beam s p l i t t i n g  m i r ro r  and a K515 supression f i l t e r .
The s l i d e s  were examined using a X50 water ob je c t iv e  and X12 
eyep ieces.
The s p e c i f i c i t i e s  o f  the monoclonal ant ibod ies  used in  t h i s  
t e s t  are shown in  Table 1.
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Table I
The Specificities of Monoclonal Antibodies used in 
the IFAT Test
Monoclonal
Antibody
Antigen
Recognised stage-specificity
* 7.3-7 gp 200 000 schizonts,
*13.1-2 n IV
* 9.2-6-2 n IV
* 9.5-1-5-1 it VI
*12.1-5-4 VI 11
*13.2-3 n 11
* 9.8-4-4-1 ii " common
*13.4-2-1 p 55 000 11
*12.5-1-2 ? IV
* 5.1-1-4 p 23 000 most asexuals
* 9.21-4-2 90 000 ER membrane
* in PBS, pH 7.3, with 1% BSA and sodium azide
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CHAPTER 3
Observations on the use o f  per i tonea l  wash c e l l s  as feeder c e l l s  
fo r  cu l tu res  o f  P^_ fa lc iparum
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In t roduc t ion
The use o f  a feeder  c e l l  l a y e r  i n  the c u l t i v a t i o n  o f  the 
asexual e r y th ro c y t i c  stages o f  fa' lciparum has been descr ibed by 
M a z ie r  et_ a l . (1984) and P h i l l i p s  et^_ a l . (1987).  Both these 
groups r e p o r t  t h a t  new i s o l a t e s  o f  P. f a l c i p a r u m  show inc reased  
m u l t i p l i c a t i o n  ra tes  and adapt to c u l tu re  more re a d i l y  when grown 
in  the presence o f  feeder ce l ls .
Maz ie r  e t  a l . (1984) used a feeder  c e l l  l a y e r  o f  roden t  
he p a to c y te s  c o - c u l t i v a t e d  w i t h  a l i v e r  e p i t h e l i a l  c e l l  l i n e ,  
w h i l e  P h i l l i p s  e t  a l . (1987) used human p e r i p h e r a l  b lood 
mononuclear c e l l s .  These methods are, however, e i th e r  t e c h n ic a l l y  
complex ,  or  i n v o l v e  repeated venepuncture  o f  human donors and 
the re fo re  are not su i tab le  fo r  rou t ine  app l ica t ion .  P h i l l i p s  et 
a l . (1987) a l s o  r e p o r t  p r e l i m i n a r y  o b s e rv a t i o n s  t h a t  mouse PWCS 
can be used success fu l ly  as a feeder c e l l  layer  fo r  F\_ fa lc iparum 
c u l tu re s .
The f o l l o w in g  work i s  an in v e s t ig a t io n  in to  the p o s s i b i l i t y  
o f  using mouse PWCS as a simple and convenient feeder c e l l  which 
can be used in  the rou t ine  c u l t i v a t i o n  o f  fa lc ipa rum . A number 
o f  p re l im in a ry  in ves t iga t io ns  in to  the mode o f  ac t ion o f  PWCS on 
c u l tu re s  o f  Pj_ fa lc iparum are also repor ted.
The growth o f  new and establ ished is o la te s  o f  P. fa lc iparum wi th  
d i f f e r e n t  concentra t ions  o f  PWCS
Experiment 3:1
This experiment was car r ied  out in  order to t r y  to determine
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the  o p t im a l  c o n c e n t r a t i o n  o f  PWCS which would promote maximum 
p a r a s i t e  m u l t i p l i c a t i o n .  Two i s o l a t e s  o f  P. f a l c i p a r u m  (AF and 
API) were grown i n  w e l l s  c o n t a i n in g  1 x 106 , 5 x 105 , 1 x 103 or 
no PWCS/well i n  200 ajI  o f  complete medium in  96 a w e l l  m ic r o t i t r e  
p la te  (NUNC) at  a 5% haematocri t .  Each treatment was car r ied  out 
i n  t r i p l i c a t e .
I s o la te  API had been in  cont inuous cu l tu re  fo r  85 days p r i o r  
to  the experiment and AF had only been in  cu l tu re  fo r  3 days. The 
s t a r t i n g  p a r a s i t a e m ia  f o r  s t r a i n  API was 1.0% and f o r  AF 2,0%. 
150 ju l  o f  medium from each wel l  were changed d a i l y .
Resul t
Both i s o l a t e s  showed in c re a s e d  m u l t i p l i c a t i o n  rates at  a l l  
PWC concentrat ions  tested when compared w i th  con t ro l  cu l tu res  (no 
PWCS) (see F ig u re  3.1). The most p a r a s i t e  m u l t i p l i c a t i o n  was 
promoted by 5 x 103 and 1 x 10^ PWCS/wel l.  The in c rea se  in  
m u l t i p l i c a t i o n  ra te  was most marked w i th  the new is o la te  AF which 
reached a mean p a r a s i t a e m ia  o f  22% on day 7 w i t h  1 x 10^ PWCS, 
compared w i th  a 1% parasi taemia in  con t ro l  cu l tu res .  I so la te  API 
reached a mean parasi taemia o f  19.5% w i th  5 x 103 and 1 x 103 PWCS 
on day 6 compared w i th  7.1% in  con t ro l  cu l tu res .
S im i la r  r e s u l t s  were obtained when the experiment was car r ied  
out w i th  new i s o la te s  AF and FF and es tab l ished i s o la te s  FMG and K.
FIGURE 3.1 Isolates AF & AP1 were qrown in wells containing 1 x 10^ -a- 
5xlQ^-*-' , 1x10^ or no-o- PWCS/well in 200u1 of complete medium in 
a 96 well m ic ro titre  plate. Each treatment was carried out in trip lica te. 
Bars indicate spread of points
FIGURE 3.1 THE CULTIVATION OF TWO ISOLATES OF
P. FALCIPARUM WITH DIFFERENT CONCENTRATIONS OF PWCS.
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The r e la t io n s h ip  between parasi taemia and the number o f  RBC5/ml in  
P. fa lc iparum cu l tu res  w i th  and wi thout PWCS
Experiment 3.2
This experiment was ca r r ied  out to conf i rm tha t  the increase 
in  the number o f  pa ras i t i sed  RBCS observed when P. fa lc iparum i s  
grown in  the presence o f  PWCS i s  due to  increased numbers o f  PRBCS 
and no t  due to  the d e s t r u c t i o n  o f  non i n f e c t e d  RBCS by PWCS, or 
th ro u g h  spontaneous l y s i s  o f  RBCS in  c u l t u r e s ,  the reby  g i v i n g  a 
fa ls e  impression o f  an increas ing parasi taemia.
I s o l a t e  K was grown i n  700 j u l  o f  comple te  medium a t  a
8 —1c o n c e n t r a t i o n  o f  2.0 x 10 RBCS ml i n  w e l l s  c o n t a i n in g  1 x 10 
PWCS in  a 24 we l l  m u l t iw e l l  p late .  I so la te  K was also grown under 
the same cond i t ions w i thout  PWCS.
The s ta r t i n g  parasi taemia o f  i s o la te  K was 0.5% and 500 ju l  o f  
complete medium from each w e l l  were replaced da i ly .  Smears were 
made on days 1, 4 and 5. Two w e l l s  f rom each group ( w i t h  and 
w i t h o u t  PWCS) were s e le c te d  on these days and a t o t a l  RBC count 
c a r r i e d  out from each. The experiment was repeated using i s o la te  
FF w i th  a s t a r t i n g  parasitaemia o f  1.0%.
Resul ts
The number o f  RBCS/ml appears to  remain r e l a t i v e l y  constant as 
the parasi taemia increases, in  cu l tu res  both w i th  and w i thou t  PWCS 
(see Figure 3 .2 ) .
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FIGURE 5.2 Isolate K was grown at a concentration of 2x10^ RBCS/ml in 
700jul of complete medium and also in wells containing Ix lO 6 PWCS in a 
24 well m ultiw e ll plate. Two wells from each group [with and without 
PWCS] were selected on days 1, 4 and 5 and the total number of % PRBCS 0  
and RBCS/ml D counted. Tfie cAotax etx5w>n is Ckc. mean \feju£- the "kxjo
FIGURE 3.? t h e  r e l a t io n s h ip  b e t w e e n  p a r a s it a e m ia  a n d
THE NUMBER OF RBCS/ML IN P. FALCIPARUM CULTURES WITH AND 
WITHOUT PWCS
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On day 5 cu l tu res  w i th  PWCS had a mean parasi taemia o f  12.8%
g
and 1.95 x 10. RBC/ml compared w i th  con t ro l  cu l tu res  which had a 
parasi taemia o f  8.0% and 2.1 x 108 RBC/ml~1.
A s i m i l a r  r e s u l t  was ob ta ined  when the e xpe r im e n t  was 
repeated using i s o la te  FF.
The Growth o f  P. fa lc iparum wi th adherent and non-adherent PWCS
Experiment 3.3A
The PWC p o p u la t i o n  i s  m a in ly  compr ised o f  macrophages and 
lymphocytes. I t  i s  poss ib le  to obtain a macrophage enr iched c e l l  
p o p u la t i o n  by making use o f  the adherent p r o p e r t i e s  o f  the 
macrophages, e i th e r  by a l low ing  them to adhere to  p l a s t i c  (method 
1, see M a t e r i a l s  and Methods) or by pass ing the PWC p o p u la t i o n  
th ro ugh  a sephadex G10 column (Method 2, see M a t e r i a l s  and 
Methods) .  Here the b e n e f i c i a l  e f f e c t  o f  adherent  (macrophage 
enr iched) and non-adherent (macrophage dep le ted )  PWC p o p u la t i o n s  
on the  g row th  o f  3 i s o l a t e s  (K, FF and AF) o f  P. f a l c i p a r u m  i s  
compared.
I s o l a t e  K was c o n s i d e r e d  w e l l  a d a p te d  t o  i_n v i t r o  
c u l t i v a t i o n ,  but i s o l a t e  FF had on ly  been c u l t u r e d  f o r  4 days 
p r i o r  t o  the expe r im e n t .  I s o l a t e  AF was used as s t a b i l a t e  
p repa red  d i r e c t l y  f rom an i n f e c t e d  blood sample and so had not 
been cu l tu red  p r i o r  to  t h i s  experiment.
Adherent (AD) and non adherent (NAD) PWCS were prepared 
(using method 1) at  a concentra t ion o f  5 x 105 PWCS/well in  500 jul
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a l iq u o ts  o f  complete medium in  a 24 w e l l  m u l t iw e l l  p la te .  3 x 500 
i_il a l i q u o t s  o f  com p le te  PWC p o p u la t i o n  were a l s o  d ispensed a t  a 
concentra t ion  o f  5 x 10^ PWCS/well, along w i th  3 x 500 jul a l iquo ts  
o f  complete medium. 200 j j I  a l iqu o ts  o f  a PRBC suspension w i th  a 
p a r a s i t a e m ia  o f  between 0.15% and 2.0% was added to  each w e l l  
g i v i n g  a f i n a l  h a e m a to c r i t  o f  3.0%. 500 jul o f  medium from each
w e l l  were rep laced  da i ly .
Resul t
The ex pe r im e n t  was c a r r i e d  ou t  a t o t a l  o f  5 t im e s  w i t h  
i s o l a t e  AF, t w i c e  w i t h  K and once w i t h  FF. F ig u re s  3.3, 3.4 and 
3.5 show the re s u l t s  o f  representa t ive experiments.
Cu l tures w i th  adherent and complete PWC popula t ions showed an 
increase in  paras i te  m u l t i p l i c a t i o n  which was greater  than that  
p romoted by the  non adherent  PWC p o p u la t i o n .  In  the  case o f  
i s o la t e  AF (Figure 3.3) the adherent and complete PWC populat ions 
promoted mean parasi taemias o f  21.9% and 25.3% respec t ive ly  by day 
8 compared w i th  8.0% fo r  non-adherent PWCS. The non-adherent PWCS 
do, however, appear to  support more paras i te  m u l t i p l i c a t i o n  than 
c o n t ro l  cu l tu res  (no c e l l s )  which achieved a mean paras i taemia  o f  
5.1% by day 8.
Experiment 3.3B
In t h i s  experiment the e f fe c ts  o f  non adherent PWCS prepared 
by methods 1 and 2 on cu l tu res  o f  P. fa lc iparum were compared.
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FIGURE 3.3 THE CULTIVATION OF ISOLATE AF WITH ADHERENT
AND NON-ADHERENT PWCS.
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Isolate AF was grown in wells containing 5x10^ cells of an adherent , 
non-adherent or complete-q- PWC population and also without PWCS -<►* 
in 5 0 0 j l i 1  aliquots of complete medium in a 2 4  well m ultiwell plate. Each 
treatment was carried out in triplicate. Bars indicate spread of points.
69
FIQURE 3,4  THE CULTIVATION OF ISOLATE K WITH ADHERENT 
AND NON-ADHERENT PWCS.
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Isolate K was grown In w ells  containing 5x10^ cells of an adherent -*• , 
non-adherent •»  or complete -e- PWC population and also w ithout PWCS 
in 500jul aliquots of complete medium in a 24  w ell m u ltiw e ll plate. Each 
treatm ent was carried out in trip lica te . Bars Indicate spread of points.
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FIGURE 3.5 THE CULTIVATION OF ISOLATE FF WITH ADHERENT
AND NON-ADHERENT PWCS.
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Isolate FF was grown in wells containing 5x105 cells of an adherent -*• , 
non-adherent or complete -q* PWC population and also without PWCS 
in SOQul aliquots of complete medium in a 24 well m ultiwell plate. Each 
treatment was carried out in triplicate. Bars indicate spread of points.
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Non-adherent c e l l s  were prepared using method 2 and then used 
a t  a c o n c e n t r a t i o n  o f  1 x 10^ c e l l s  m l -  ^ and d ispensed i n  500 u l  
a l i q u o t s  i n  a 24 w e l l  p l a te .  Th is  had been prepared  as above, 
using i s o la t e  AF wi th a s t a r t in g  parasitaemia o f  0.4%.
Resul t
When non-adheren t  PWCS prepared by methods 1 and 2 were 
compared they  suppor ted  mean p a r a s i t a e m ia s  o f  2.9% and 0.9% 
r e s p e c t i v e ly  (see Figure 3.6) on day 4, t h i s  decl ined to 0.37% and 
0.3% by day 8. These parasitaemias were lower than those promoted 
by adhe ren t  or comple te  PWC p o p u la t i o n s  (wh ich  ach ieved mean 
p a r a s i t a e m i a s  o f  6.3% and 12.4% r e s p e c t i v e l y  on day 8) but were 
s l i g h t l y  h ig h e r  than c o n t r o l  c u l t u r e s  which d id  not  show any 
pa ras i tes  by day 8.
Growth o f  P. fa lc iparum in: PWC condi t ioned RBCS 
Experiment 3.4
In  an a t te m p t  to  de te rm ine  the  mechanism by wh ich PWCS 
promote an increase in  paras i te  growth, the p o s s i b i l i t y  tha t  they 
a f f e c t  the NRBC membrane in  such a way as to make i t  more amenable 
t o  m e ro z o i te  i n v a s io n  was exp lo red .  Th is  was accompl ished by 
c u l t u r i n g  paras i tes  w i th 'normal' and PWC cond i t ioned RBCS.
Three c u l t u r e s  o f  P. f a l c i p a r u m  ( i s o l a t e s  BG, RC and FMG) 
were synch ron ised  accord ing  to  the method o f  Lambros and 
Vanderberg (1979), when the paras i tes reached the schizont stage
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FJGURE 3 .6  THE CULTIVATION OF ISOLATE AF WITH ADHERENT 
PWCS AND NON-ADHERENT PWCS [PREPARED USING TWO DIFFERENT 
METHODS].
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Isolate AF was grown in wells containing 5x105 non adherent PWCS which 
had been prepared prepared using either method I -o- or method 2 •*- . 
Isolate AF was grown with the same number of cells of an adherent o- or 
complete-*- PWC population and also without PWCS-*-, in 500ul aliquots 
of complete medium in a 24 well m ultiwell plate. Each treatment was 
carried out in triplicate. Bars indicate spread of points.
73
t h e y  were c o l l e c t e d  on a P e r c o l l  g r a d ie n t .  The c o n c e n t ra te d  
sch izon t  preparat ions  were d i lu te d  w i th  e i th e r  normal RBCS or w i th  
PWC cond i t ioned RBCS and returned to  cu l tu re  at  a 10% haemoiocrit 
i n  1.5 ml a l i q u o t s  i n  35 mm p l a s t i c  p e t r i  d ishes.  Smears were 
made from each c u l t u r e  12 hours l a t e r  when r e - i n v a s i o n  had 
occurred. 1.5 mis o f  medium from each cu l tu re  were replaced d a i l y  
and smears were made on days 4 and 6.
Resul t
A summary o f  r e s u l t s  i s  shown i n  Table 3.A. The c u l t u r e s  
w i th  PWC cond i t ioned RBCS did not appear to be any more e f fe c t i v e  
t h a n  c u l t u r e s  w i t h  n o rm a l  RBCS i n  s u p p o r t i n g  p a r a s i t e  
m u l t i p l i c a t i o n  (see Figure 3 .7 ) .
The e f f e c t  o f  s e p a ra t in g  PWCS from p a r a s i t i s e d  RBCS on the 
m u l t i p l i c a t i o n  ra te  o f  P. fa lciparum
Experiment 3 . 5A
In  o rd e r  t o  de te rm ine  whether  PWCS need to  be i n  d i r e c t  
c o n t a c t  w i t h  PRBCS to  p ro m o te  an i n c r e a s e  i n  p a r a s i t e  
m u l t i p l i c a t i o n  PWCS were separa ted  from pa ras i t i sed  RBCS using 
Mi 11 i c e  11-HA c u l t u r e  p l a t e  i n s e r t s ^ w h i c h  are permeable to  
macromolecules but not to c e l l s .
I s o l a t e  K was grown a t  a 1 0?o h a e m a to c r i t  i n  500jj I  a l i q u o t s  
o f  com p le te  medium in  a 24 w e l l  m u l t i w e l l  p l a t e ,  both  w i t h  and 
w i th o u t  1 x 106 PWC/well. The PWCS were e i the r  in  d i r e c t  contact
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FIGURE 3 .7  THE CULTIVATION OF THREE ISOLATES OF 
ILF ALC IP ARUM IN NORMAL AND PWC CONDITIONED RBCS.
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Isolates FMG, RC and BG were grown in normal-*- or PWC conditioned 
RBCS in 1.5 ml aliquots of complete medium at a 10% haematocrit in 
35mm plastic petri dishes.
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w i th ,  or  were separated from the PRBCS. The PWCS and PRBCS were 
s e p a ra te d  by p l a c in g  the PWCS in  500^ul o f  comple te  medium i n t o  
M i l l i c e l l - H A  cu l tu re  p la te  in s e r ts  which were then placed ins ide  
w e l l s  conta in ing  pa ras i te  cu l tu res .
Each trea tment was car r ied  out in  t r i p l i c a t e  and the s t a r t i n g  
p a r a s i t a e m i a  o f  K was 0.8%, 450 jul o f  medium from each w e l l  and 
c u l t u r e  p la te  in s e r t  were replaced da i ly .
Resul t
When PWCS were separa ted  from p a r a s i t e  c u l t u r e s ,  these 
c u l t u r e s  reached a mean p a ra s i t a e m ia  o f  5.2% on day 4. Th is  was 
lo w e r  than c o n t r o l  c u l t u r e s  (no i n s e r t s  or PWCS) a t  8.3% or  
c u l t u r e s  i n  d i r e c t  c o n ta c t  w i t h  PWC which reached a mean 
paras i taemia  o f  27.3% (see Figure 3.8).
Experiment 3.5B
T h i s  e x p e r i m e n t  was c a r r i e d  ou t  t o  i n v e s t i g a t e  t h e  
p o s s i b i l i t y  t h a t  the M i l l i c e l l - H A  c u l t u r e  p l a t e  i n s e r t s  were 
th e m s e lv e s  a f f e c t i n g  p a r a s i t e  g rowth.  A 24 w e l l  p l a t e  was 
prepared as described above but cu l tu re  p la te  in se r ts  conta in ing 
500 p i  o f  comple te  medium w i t h  no PWCS were a l s o  in c lu d e d .  
I s o la t e  FMG was used w i th  a s t a r t i n g  parasi taemia o f  1.0%. 450 j j I
o f  medium from each w e l l  and cu l tu re  p late in s e r t  were replaced 
d a i l y .
Fj^URE 3.8 THE CULTIVATION OF ISOLATE K WITH PWCS AND
MILLICELL H-A CULTURE PLATE INSERTS.
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53 40 1 2
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Isolate K was grown at a 10% haematocrit in 500jul aliquots of complete 
medium in a 2A well m ultiwell plate w ith 1x10^ PWCS/well. The PWCS 
were either in direct contact w ith -q- or were separated from the PRBCS 
by M illice ll culture plate inserts . Isolate K was also grown without 
PWCS-*- . Each treatment was carried out in triplicate. Bars indicate 
spread of points.
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Result
C u l t u re s  i n  which i n s e r t s  had been p laced showed le s s  
p a ra s i te  m u l t i p l i c a t i o n  than con t ro l  cu l tu res  (no in s e r t s  or PWCS) 
o r  c u l t u r e s  c o n t a i n i n g  PWCS a lone,  (see F igu re  3.9).  On day 3 
c u l t u r e s  c o n t a i n i n g  i n s e r t s  both w i t h  and w i t h o u t  PWCS reached 
mean parasi taemias o f  1.8% compared w i th  11.1% in  c o n t ro l  cu l tu res  
and 14.8% in  cu l tu res  which were in  d i re c t  contact  w i th  PWCS.
Experiment 3.3C
A 24 w e l l  p l a t e  was prepared as desc r ibed  above and in  
a d d i t i o n  3 c u l t u r e  p l a t e  i n s e r t s  c o n ta in in g  300 u l  o f  a PRBC 
suspension at  a 10% haematocr i t  were placed in  we l l s  con ta in ing  1 
x 10^ PWCS in  500 j j I  o f  complete medium. I so la te  RB was used w i th  
a s t a r t i n g  parasi taemia o f  1.0%. 450 j j I  o f  medium from each w e l l
and c u l tu re  p la te  i n s e r t  were replaced d a i l y .
Resul t
C u l t u r e s  i n  which i n s e r t s  had been p laced showed le s s  
pa ra s i te  m u l t i p l i c a t i o n  than con t ro l  cu l tu res  (no in s e r t s  or PWCS) 
or c u l tu res  w i th  PWCS (see Figure 3.10).
On day 6, p a r a s i t e  c u l t u r e s  grown i n s i d e  c u l t u r e  p l a t e  
i n s e r t s  reached a mean p a ra s i ta e m ia  o f  0.7% which was s l i g h t l y  
h i g h e r  than c u l t u r e s  w i t h  i n s e r t s ,  e i t h e r  w i t h  o r  w i t h o u t  PWCS 
which reached mean parasi taemias o f  0.05% and 0.056/O respec t ive ly .  
Contro l  cu l tu res  (no in s e r t s  or PWCS) reached a mean parasi taemia
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Em -URE 3 9 THE c u l t iv a t io n  of is o l a t e  fm g  WITH PWCS AND
MILLICELL H~A CULTURE PLATE INSERTS.
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isolate FMG was grown at a 10% haematocrit in 500jul of complete medium 
in a 24 well multi well plate with Ix lO 6 PWCS/well. The PWCS were 
either in direct contact with-a- or were separated from the PRBCS-*- by 
M illice ll culture plate inserts. Isolate FMG was also grown without PWC 
in wells w ith or w ithout-*- M illice ll culture plate inserts. Each 
treatment was carried out in triplicate. Bars indicate spread of points.
E lfiU B O a S  THE CULTIVATION OF ISOLATE BG WITH PWCS AND
MILLICELL H-A CULTURE PLATE INSERTS.
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Isolate BG was grown at a 10% haematocrit in 500ju! aliquots of complete |  
medium in the wells of 24 well multiwell plate or w ith PRBCS and 
Ix lO 6 PWCS in wells -a- , or with inserts, with-*- or without PWCS .
Isolate BG was also grown inside culture plate inserts placed in wells jj 
containing PWCS-o- . Bars indicate spread of points. i
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o f  3.9% on day 6 and c u l t u r e s  c o n ta in in g  PWCS w i t h o u t  i n s e r t s  
reached a mean parasi taemia o f  8.5%.
Growth o f  P. fa lc iparum with Normal and I r rad ia te d  PWCS
Experiment 3.6
To examine the e f fe c t  o f  d is rup t ion  of  PWC metabolism on the 
a b i l i t y  o f  t h e s e  c e l l s  t o  p ro m o te  i n c r e a s e d  p a r a s i t e  
m u l t i p l i c a t i o n  i s o la t e  BG was grown at  a 10% haematocr i t  in  we l ls  
con ta in ing  1 x 10^ normal or i r r a d ia te d  PWCS in  500 jjI  o f  complete 
medium in  a 24 w e l l  m ic r o t i t r e  plate .  BG was also grown under the 
same cond i t ions  w i thou t  PWCS and each treatment was c a r r ied  out in  
t r i p l i c a t e .
The s t a r t i n g  parasi taemia o f  BG was 1.0% and 450 jul o f  medium 
from each w e l l  was replaced d a i l y .
Resul t
The i r r a d i a t e d  PWCS were not as e f fe c t i v e  as normal PWCS in  
p ro m o t in g  an in c re a s e  in  p a r a s i t e  m u l t i p l i c a t i o n  (see F igu re  
3.11). Cu l tures w i th  i r r a d ia te d  PWCS reached a mean parasi taemia 
o f  3.4% on day 6 compared w i th  4.5% in  cul tu res  w i th  normal PWCS. 
I r r a d i a t e d  PWCS d id ,  however, suppor t  more m u l t i p l i c a t i o n  than 
c u l tu re s  w i thou t  PWCS which only reached a mean parasi taemia of  
2.7% on day 6.
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FIGURE 3.11 THE EFFECT OF NORMAL AND IRRADIATED PWCS ON
THE GROWTH OF P. FALCIPARIM.
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Isolate BG was grown at a \0% haematocrit in 500/j! aliquots of complete 
medium-** and also w ith  IxlO ^ normal-®- or irradiated ■*- PWCS in a 24 
well m u ltiw e ll plate. Each treatment was carried out in triplicate. Bars
indicate spread of points.
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E1£UBE_3J_L t h e  EFFECT OF NORMAL AND IRRADIATED PWCS ON 
THE GROWTH OF P, FAI r i P A P i M
8640 2
DAYS
Isolate BG was grown at a 10% haematocrit in 500ajI aliquots of complete 
medium**- and also w ith 1x10^ normal •*- or i r r a d i a t e d P W C 5 i n a 2 4  
well m u ltiw e ll plate. Each treatment was carried out in triplicate. Bars 
indicate spread of points.
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Comparison o f  the  ab i  1 i t y  o f  PWCS from f i v e  s t r a i n s  o f  mice to  
promote increased m u l t i p l i c a t i o n  o f  P. fa lc iparum
Experiment 3.7
PWCS were r o u t i n e l y  ob ta ined  from NIH mice as they were o f  
the s t r a i n  which was most read i ly  ava i lab le .  This experiment was 
c a r r i e d  ou t  i n  o rde r  to  de te rm ine  the s u i t a b i l i t y  o f  PWCS from 
o t h e r  s t r a i n s  o f  m ice  as f e e d e r  c e l l s  f o r  c u l t u r e s  o f  P. 
fa lc ip a ru m .
PWCS were ob ta ined  from 5 s t r a i n s  o f  mice,  C57 B lack ,  DBA, 
C3H, NIH or BALB/C.
I s o la t e  AF was grown in  we l ls  conta in ing 1 x 10^ PWCS/well, 
each w e l l  c o n t a i n i n g  PWCS from a d i f f e r e n t  s t r a i n  o f  mouse. 
Paras i tes  were grown in  700 jul a l iqu o ts  o f  complete medium in  a 24 
w e l l  m u l t i w e l l  p la te  at  a 3Jo haematocr i t  and also under the same 
c o n d i t i o n s  w i t h o u t  PWCS. Each t r e a tm e n t  was c a r r i e d  out in  
t r i p l i c a t e .
The s t a r t i n g  p a ra s i ta e m ia  o f  i s o l a t e  AF was 1.0%, 5 0 0 .u 1 o f  
medium from each w e l l  were replaced d a i l y  and smears were made on 
days 1, 2, 3 and 3.
Resul t
PWCS f rom a l l  5 s t r a i n s  o f  mice promoted an in c rea se  in  
p a r a s i t e  m u l t i p l i c a t i o n  (see F ig u re  3.12).  PWCS from C3H mice 
p romoted  th e  g r e a t e s t  in c rease  i n  p a r a s i t e  m u l t i p l i c a t i o n ,
EjGURE 3 .1 2  A COMPARISON OF THE ABILITY OF PWCS FROM FIVE  
STRAINS OF MICE TO PROMOTE AN INCREASE IN THE 
MULTIPLICATION OF ISOLATE AF.
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Isolate AF was grow in 700jul aliquots of complete medium in a 24 well 
m ultiw e ll plate at a 3% haematocrit . AF was also grown w ith IxlO6 
PWCS from C57 Black-o- , DBA-#- .C3H-*- NIH'*' or Balb C -o- mice. Each 
treatment was carried out in triplicate. Bars indicate spread of points.
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c u l tu re s  w i th  these c e l l s  reached a mean parasi taemia o f  10.1% on 
day 5 compared w i th  1.9% in  con t ro l  cu l tu res  (no PWCS). PWCS from 
C57 B lack  mice promoted the s m a l l e s t  in c rea se  i n  p a r a s i t e  
m u l t i p l i c a t i o n ,  c u l t u r e s  w i t h  t h e s e  c e l l s  re a c h e d  a mean 
paras i taemia  o f  7.6% on day 5.
The e f f e c t  o f  the age o f  PWCS on the a b i l i t y  o f  these c e l l s  to  
promote an increase in  the m u l t i p l i c a t i o n  rate o f  P. fa lc iparum.
Experiment 3 . 8A
Th is  e xpe r im e n t  was c a r r i e d  out i n  o rde r  to  de te rm ine  the 
e f f e c t  o f  PWC age on the a b i l i t y  o f  these c e l l s  to  promote an 
increase in  the m u l t i p l i c a t i o n  ra te  o f  P4_ falc iparum
I s o l a t e  AF was grown a t  a 3% h a e m o to c r i t  i n  700 ju l  o f  
complete medium in  we l l s  containing 1 x 10^ PWCS, and also under 
th e  same c o n d i t i o n s  w i th o u t  PWCS, in  a 24 w e l l  m u l t i w e l l  p l a t e .  
The PWCS had been prepared 5, 3, 1 or  0 days p r e v i o u s l y  and 
c u l tu re d  in  500 jul o f  medium; 450 ju l  o f  which was changed d a i ly .
The s t a r t i n g  p a ra s i ta e m ia  o f  i s o l a t e  AF was 0.4% and 5 0 0 1
o f  medium from each w e l l  were replaced da i ly .  Smears were made on 
days 2, 3, 5 and 7.
Resul t
A l l  c u l t u r e s  c o n ta in in g  PWCS showed in c re a s e d  p a r a s i t e  
m u l t i p l i c a t i o n  when compared w i th  con t ro l  cu l tu res  (no PWCS) (see 
Figure 3 .13) .
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F IGURE 3 .13  THE EFFECT OF PWC AGE ON THE ABILITY OF THESE
CELLS TO PROMOTE AN INCREASE IN THE MULTIPLICATION RATE OF 
ISOLATE AF.
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Isolate AF was grown at a 3% haematocrit In 700jul of complete medium 
In a 24 well m u ltiw e ll plate and also w ith 1 x 106 PWCS which had 
been prepared 0-** , 1 ^  , 3 ^  or 5 *  days previously. Prior to the 
experiment the PWCS had been cultured in 500>j 1 aliquots of complete 
medium in a 24 well multiwell plate, 450xil of this medium had been 
changed daily. Each treatment was carried out in triplicate. Bars indicate 
spread of points.
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C u l t u r e s  w i t h  f r e s h l y  prepared (day 0) PWCS had a mean 
p a r a s i t a e m i a  o f  21.5% on day 7. C u l tu re s  w i t h  day 1 and day 3 
PWCS had mean parasi taemias o f  18.4% and 19.3% respec t ive ly .  This 
was h i g h e r  than i n  c u l t u r e s  w i t h  day 5 PWCS wh ich had a mean 
parasi taemia  o f  10.9%.
Experiment 3.8B
A 24 w e l l  m u l t i w e l l  p l a t e  was prepared as desc r ibed  above, 
excep t  t h a t  p r i o r  to  use the PWCS were c u l t u r e d  i n  300 x i l  o f  
c o m p le te  medium and t h i s  was no t  changed u n t i l  24 hours a f t e r  
i s o l a t e  AF had been added to the we l l s .
The experiment was maintained as described above.
Resul t
A l l  cu l tu res  containing PWCS showed increased m u l t i p l i c a t i o n  
r a t e s  when compared w i t h  c o n t r o l  c u l t u r e s  (no PWCS) (see F ig u re  
3 .14 ) .
C u l t u r e s  w i t h  f r e s h l y  prepared (day 0) PWCS had a mean 
p a r a s i t a e m i a  o f  24.1% by day 7. C u l tu re s  w i t h  day 1 and day 3 
PWCS had mean p a ra s i ta e m ia s  o f  21.3% and 20.3% r e s p e c t i v e l y .  
C u l tu e s  w i t h  day 3 PWCS had a p a ra s i ta e m ia  o f  13.4% and c o n t r o l  
c u l tu re s  reached 7.7% by day 7.
Discussion
The above r e s u l t s  show t h a t  the presence o f  a feeder  c e l l  
la y e r  o f  mouse PWCS leads to improved paras i te  m u l t i p l i c a t i o n .  A
FIGURE 3 1 4  THE EFFECT OF PWC A6E ON THE ABILITY OF THESE
CELLS TO PROMOTE AN INCREASE IN THE MULTIPLICATION RATE OF 
ISOLATE AF.
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Isolate AF was grown at a 3% haematocrit in 700jul of complete medium 
in a 24 well m ultiwell plate *  and also with lx10b PWCS which had 
been prepared 0-®-, 1 +  , 3 or 5 -o- days previously. Prior to the 
experiment the PWCS had been cultured in 500 jul aliquots of complete 
medium in a 24 well multiwell plate, this medium was not changed until 
24 hours after the parasites had been added. Each treatment was carried 
out in trip licate. Bars indicate spread of points.
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s i m i l a r  e f f e c t  has been noted by Maz ier et_ a l .  (1984) us ing  a 
feeder c e l l  layer  o f  rodent hepatocyies co-cu l tured w i th  a l i v e r  
e p i t h e l i a l  c e l l  l i n e .  P h i l l i p s  et  a l . (1987) have also reported 
t h e  use o f  a feeder  c e l l  l a y e r  o f  human p e r i p h e r a l  b lood  
mononuclear c e l l s .  Nei ther o f  these methods i s ,  however, s u i ta b le  
f o r  r o u t in e  app l i ca t ion  un l ike  the PWC method.
I t  has been e s ta b l i s h e d  t h a t  the inc rease  i n  p a r a s i t e  
m u l t i p l i c a t i o n  rate i s  due to an increase in  the numbers o f  PRBCS 
ra th e r  than due to the des t ruc t ion  o f  non- in fected RBCS by PWCS or 
t h ro u g h  spontaneous l y s i s  o f  RBCS in  c u l t u r e s .  I t  was though t  
t h a t  a s m a l l  decrease i n  the t o t a l  number o f  RBCS/wel l would be 
observed due to the des t ruc t ion  o f  paras i t ised  RBCS at  merozoi te 
r e le a s e .  Th is  was no t ,  however,  apparent ,  p robab ly  due to  the 
i n s e n s i t i v i t y  o f  the technique used to count the t o t a l  number o f  
RBCS/well.
I t  i s  i n t e r e s t i n g  to  note  t h a t  the e f f e c t  o f  the  PWCS on 
p a ra s i te  p r o l i f e r a t i o n  was most marked w i th  a new i s o la te .  Not 
a l l  i s o l a t e s  o f  P. f a l c i p a r u m  can be e a s i l y  adapted to  i n  v i t r o  
growth and i t  would be advantageous i f  PWCS could be used in  the 
adapta t ion  o f  new is o la tes  to cu l tu re ;  the f e a s i b i l i t y  o f  t h i s  i s  
examined in  chapter 4.
I t  appears to  be the adherent  (macrophage en r ich ed )  PWC 
popu la t ion  wich i s  most e f f e c t i v e  in  promoting increased paras i te  
g row th .
I t  i s  i n t e r e s t i n g  to  note  here t h a t  Bu tcher  & Clancy (1984) 
found t h a t  monocytes f rom non-immune b lood donsrs cou ld  be
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s i g n i f i c a n t l y  i n h i b i t o r y  t o  c u l t u r e s  o f  P. f a l c i p a r u m . These 
workers repor t  tha t  the i n h i b i t o r y  facto r  i s  released dur ing the 
f i r s t  24 hours o f  monocyte cu l tu re ,  and i t  a f fe c ts  i n t r a c e l l u l a r  
p a r a s i t e  g row th .  They a lso  r e p o r t  t h a t  t h i s  i n h i b i t o r y  f a c t o r  
a c t s  i n  a manner s i m i l a r  to  t h a t  descr ibed  by Jensen e t  a l .  
(1983A) f o r  human Sudanese sera and suggest t h a t  the  m o lecu le  
i n v o l v e d  i s  the  same in  both  s tu d ie s .  Jensen e t  a l . (1983A) has 
named t h i s  molecu le  c r i s i s  form f a c to r  (CFF) and i t  may be 
produced by mononuclear phagocytes [C la rk  e t  a l .  1981].  A 
v a r i e t y  o f  f a c t o r s  are known to  be re leased by macrophages and 
monocytes [Davies & Bonney 1979]. These include tumour necrosis 
f a c to r  [C la rk  1978], polyamine oxidase [Morgan & Christenson 1983] 
and f r e e  r a d i c a l s  [C la r k  & Hunt 1983] and i t  has been suggested 
t h a t  a l l  these fac to rs  may have a ro le  in c y to to x i c i t y  to malar ia.
Taking i n t o  account the f ind ings  of  Butcher and Clancy (1984) 
th e  e f f e c t  o f  the le n g th  o f  t im e  t h a t  PWCS had been c u l t u r e d  i n  
v i t r o  b e fo re  be ing used as feede r  c e l l s  was examined. There d id  
not appear to be any advantage in  cu l tu r in g  PWCS fo r  any length o f  
t im e  b e fo re  us ing  them as feeder  c e l l s  f o r  c u l t u r e s  o f  P. 
f a l c i p a r u m . I t  i s ,  however,  i n t e r e s t i n g  to  no te  t h a t  when the 
medium was changed d a i l y ,  PWCS c u l tu r e d  f o r  3 days b e fo re  use 
supp o r ted  l e a s t  p a r a s i t e  m u l t i p l i c a t i o n .  When medium was not 
replaced u n t i l  24 hours a f t e r  parasi tes had been added to the PWC 
c u l t u r e s  i t  was 3 day o ld  PWCS which were l e a s t  ab le  t o  supp o r t  
in c re a s e d  p a r a s i t e  m u l t i p l i c a t i o n .  I t  would be necessary  to  
repeat these two experiments before any conclusions could be made 
about  these observations.
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W hi le  the  s t i m u l a t o r y  e f f e c t  o f  PWCS on c u l t u r e s  o f  P. 
fa lc iparum has been noted, the under lying mechanisms which lead to 
increased pa ras i te  growth are not c lear.  I t  appears tha t  the PWCS 
do no t  a f f e c t  the  NRBC membrane in  such a way as to  make i t  more 
amenable to  m e ro z o i te  in v a s io n ,  as p a r a s i t e s  grown i n  PWC 
c o n d i t i o n e d  RBCS d id  not show inc reased  m u l t i p l i c a t i o n  when 
compared w i th  paras i tes  grown in  normal RBCS.
When cu l tu res  o f  _F\_ fa lc iparum were separated from PWCS using 
M i l l i c e l l  HA c u l t u r e  p l a t e  i n s e r t s  no in c rea se  i n  p a r a s i t e  
m u l t i p l i c a t i o n  r a t e  was observed. In f a c t  the presence o f  the 
chambers w i t h  o r  w i t h o u t  PWCS appeared to  be i n h i b i t o r y  to  
p a r a s i t e  g row th ,  sugg es t ing  t h a t  the chambers are t o x i c  to  
pa ras i te s .
The fa c t  tha t  i r r a d ia te d  PWCS did not support paras i te  growth 
t o  the  same l e v e l  as n o n - i r r a d i a t e d  PWCS suggests t h a t  the PWC 
m e ta bo l is m  needs to  be f u l l y  f u n c t i o n a l  to  promote in c rea sed  
p a r a s i t e  g row th  as i r r a d i a t i o n  w i l l  cause a d i s r u p t i o n  o f  c e l l  
metabol ism.
PWCS from 5 d i f f e r e n t  s t r a i n s  o f  mice a l l  promoted an 
in c r e a s e  i n  p a r a s i t e  g rowth .  PWCS from NIH mice were used 
throughout t h i s  study as they were most eas i ly  ava i lab le ,  but  i t  
wou ld  appear t h a t  any s t r a i n  o f  mice can be used as a source o f  
PWCS.
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CHAPTER 4
The adaptation of new isolates of falciparum to continuous 
culture using a feeder cell layer of peritoneal wash cells
93
Introduction
Not all isolates of P. falciparum can be easily adapted to 
continuous in vitro growth and those isolates which do adapt often 
show poor growth during the first weeks of cultivation, [Trager 
and Jensen 1976, Chin and Collins 1980]. It would seem likely 
that parasite selection is taking place during this adaptation 
period, so the composition of parasite populations adapted to 
growth in vitro may differ from those in the original isolate. A 
number of workers have reported changes in parasite populations 
during in vitro cultivation; for example Rosario (1981), Jensen 
et al. (1981), Fenton et al. (1985), Ponnudura i et al. (1982).
This is important because it implies that the parasites 
cultured and studied in vitro may be those most able to grow under 
in vitro culture conditions rather than those best adapted for 
life in a host. Langreth et al. (1979) have shown that the in 
vitro cultivation of P^ falciparum can lead to the loss of knob 
structures from the surface of infected erythrocytes. This loss 
of knob structures has been shown to correlate with the loss of 
the property of cytoadherence to human endothelial cells [Udeinya 
et al. 1983jV]or to amelanotic melanoma cells [Schmidt et al. 
1982]. These K_ variants were found to be less virulent than the 
K+ variants in intact Aotus monkeys [Lanners and Trager 1984, 
Green et al. 1985] but K parasites grow more rapidly than K+ 
parasites in vitro [Motyl and Reese 1983].
The conservation of the entire parasite population is an 
important aim if P,. falciparum cultures are to be used for
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biochemical analysis, for drug screening or for antigen production 
Mazier et a_l. (1984) report that they could only adapt 3 out of 9 
isolates under standard culture conditions while all 9 isolates 
grew well in the presence of a feeder cell layer of rodent 
hepatocytes.
A similar effect has also been noted by Phillips et al. 
(1987) when using human peripheral blood mononuclear cells as 
feeder cells for new isolates of P^ falciparum.
The possibility that PWCS may aid new isolates to adapt to 
culture more readily was therefore investigated.
It may be that the faster adaptation shown by some new 
isolates of P. falciparum in the presence of feeder cells is the 
result of a larger number of individual parasites in the original 
isolate being able to make the transition to in vitro culture. In 
order to explore this possibility the parasites in one new isolate 
were examined using a panel of 11 monoclonal antibodies in an IFAT 
test. Parasites from the same isolate were examined again after 
being in continuous culture for 141 days both with and without 
PWCS.
The use of PWCS in the adaptation of new isolates of P. falciparum 
to continuous in vitro cultivation
Experiment 4.1
New isolates of 14 falciparum were cultured according to the 
candle jar method of Trager and Jensen (1976), at a 10 o
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haematocrit in 1.5 mis of complete medium in 35 mm plastic petri
dishes both with and without 1.5 x 106 PWCS/dish. b ml of medium
from each petri. dish was replaced daily. ^Yesb red b\oc*A odfs. 
i . j je T S . a d d a d  ■G-NfCP-'J 3  <S
A total of 13 new isolates were cultured under the above 
conditions.'
Result
A summary of the results is shown in Table 4A. Six of the 
isolates used could only be established in continuous culture in 
the presence of PWCS. Three isolates were established in culture 
both and without PWCS and 4 of the isolates could not be adapted 
to in vitro cultivation.
The 6 isolates which adapted to in vitro cultivation only 
with PWCS were AF, LU, BG, MF, MK and WS. These isolates were 
maintained in vitro for periods of between 24 and 62 days with 
PWCS before being cryopreserved as stabilate or being discarded 
due to contamination. All the cultures contained healthy 
parasites when they were discontinued and all stabilates were 
found to be viable when recovered. Parasites were observed in 
cultures of these 6 isolates without PWCS for up to 22 days after 
cultures were initiated, depending on the isolate. Cultures were 
maintained for a further 7 days after the last parasite was seen 
before being discarded. Table 4.B shows the parasitaemias of two 
isolates which only adapted to in vitro cultivation in the 
presence of PWCS, during the first 24 days of cultivation.
Cable 4A
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The Growth of New Isolates of P. falciparum with and without PWCS
isolate
$
Parasitaemia Origin
“ " "
Treatment
Days in continuous 
culture
+PWC -PWC
FF 0.4 Nigeria 74 74
RC 12.4$ - 141 (st) 141 (st)
RB 1 .0$ Ghana 52 (C) 43
JK 0.11$ Cameroon Chloroquine 6 0
JMc 1 .1$ Gambia 7 1
JM 1.5$ N.E. Uganda Quinine 5 5
ML 0.0$ Kenya Quinine 0 0
Fansidar
AF 0.5 Pakistan 25 (st) 18
LU 0.36 $ N. Nigeria 55 (st) 0
BG 0.6$ Tanzania 62 (st) 15
MF 0.37 - 37 (c) 22
MK 0.4$ Uganda 24 (st) 9
WS 0.4 Cameroon 27 (c)
8
st culture frozen as stabilate
c contaminated
unknown
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Table 4.6
Adaptation of two isolates of P. falciparum to continuous culture
using PWCS
Isolate LU Isolate MK
1 PRBC % PRBC
Days in Culture + PWC -PWC +PWC -PWC
0 0.36 0.36 0.4 0.4
3 0 0 1.0 0.4
6 0.05 0 0.9 0.1
7 0.16 0 1.1 0.3
9 - - 1.8 0.1
10 0.41 0 1.0 0
12 0.9 Abandoned - -
14 1.3 - -
15 - 0.9 0
17 2.0 2.0 0
19 3.1 1.2 Abandoned
21 2.5 2.2
24 2.5 2.7
- Blood smear not taken.
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Isolates FF and RC were maintained for 74 and 141 days 
respectively both with and without PWCS before being cryopreserved 
as stabilates. Isolate RB was maintained in vitro with PWCS for 
52 days before the culture became contaminated and was discarded 
and for 43 days without PWCS. All 3 of these isolates showed 
higher multiplication rates when cultured with PWCs than when 
cultured without.
Four isolates could not be established in continuous culture 
with or without PWCS. These isolates were, JK, JMC, JM and ML. 
It was, however, known that at least 3 of these patients had been 
given antimalarial drugs before a blood sample was taken. Which 
could account for their failure to thrive.
Examination of the changes occurring in a parasite population 
during in vitro cultivation with and without PWCs using an 
indirect iirununofluorescence test.
Experiment 4:2
Isolate RC was received with a parasitaemia of 12.4%, the 
parasites were cultures in vitro until they had reached the 
schizont stage when they were used to prepare antigen slides.
Cultures of isolate RC were maintained both with and without 
PWCS for a period of 141 days. Antigen slides were prepared from 
the cultures at regular intervals.
Antigen slides prepared from the original isolate and from 
cultures maintained for 141 days were examined using 11 monoclonal
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Table 4C
The Results of an I FAT test (carried out on _3 separate occasions) on 
an infected blood sample and on parasites from the same isolate (RC) 
after 141 days in continuous culture with and without PWCS
Monoclonal
Antibody
Original Isolate + PWC ■ - PWC
13.1.2 ++ ++ +++ +++ ++ ++ +/- - -
12.1-54 ++ +++ ++ ++ + + +/- - +/-
9.2142 +++ ++ ++ +/- - - - - +/-
7.3.7 - - +/- - - +/- - - +/-
13.2-3 ++ +++ +++ +++ +++ +++ +++ +++ +++
9.8.441 +++ +++ +++ +++ +++ +++ +++ +++ +++
5.1-4 ++ ++ ++ ++ ++ ++ + + +
9.2-62 +++ ++ ++ +++ +++ +++ +++ +++ +++
9.5-15 + ++ ++ + + + + + +
12.512 ++ ++ ++ ++ + + ++ + +
13.421 + ++ ++ ++ ++ ++ ++ + +
-ve Control - - +/- — -
- - - —
(+++, ++, +) relative intensity of positive staining 
(-) negative reaction.
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antibodies (McAbs) in an indirect immunofluorescence test. The 
test was carried out on 3 separate occasions.
Result
A summary of results is shown in Table 4.C. McAbs 13.1-2 and
A12.1-54 (which recognises schizont antigen- of approximately 200 
kDa [McBride et al. 1985]) gave positive results with parasites in 
the original isolate and also with parasites from cultures with 
PWCS. These McAbs were not, however, seen to react with parasites 
from cultures without PWCS.
McAb 9.2142 (which recognises a 90 kDa antigen) gave positive 
results with parasites from the original isolate of RC but was not 
seen to react with parasites which had been cultured in vitro with 
or without PWCS for 141 days.
Discussion
These results demonstrate that the presence of a feeder cell 
layer of PWCS allows some new isolates of P^ falciparum to be 
established in vitro more readily. These findings regarding the 
use of feeder cells in the adaptation of new isolates to culture 
are also in agreement with those of Mazier et cQ (1984) and 
Phillips et al. (1987).
Six of the 13 isolates used could only be maintained in vitro 
in the presence of PWCS. Parasitaemias achieved by 2 of these 
isolates (LU and MK) during the first 24 days of culture are shown 
in Table 4B. Isolate LU showed an initial decrease in parasite 
numbers when the isolate was first placed in culture. This
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initial decline in parasite numbers has also been described by 
Trager & Jenson (1976) and Chin & Collins (1980). This was not, 
however, observed with isolate MK which showed an increasing 
parasitaemia from the first day it was placed in culture.
Four isolates could not be established in vitro with or 
without PWCS. In the case of 3 of these isolates (JK, JM and ML) 
the patients had been given antimalarial drugs before a blood 
sample was taken. Parasites observed in these isolates did not 
undergo reinvasion; it would seem likely that they had been 
affected by the antimalarial drugs and so were no longer viable 
when placed in culture.
It has been shown that some new isolates of falciparum can 
only be maintained in vitro in the presence of a feeder cell layer 
of PWCS and that PWCS can promote increased parasite 
multiplication rates. This suggests that parasites cultured in 
the presence of PWCS may be under less stress than those 
maintained under standard culture conditions and so a larger 
proportion of the individual parasites present in the population 
may be able to make the transition to in vitro cultivation.
Support for this view is provided by the findings of 
experiment 4.2. Isolate RC adapted to growth in vitro both with 
and without PWCS. However parasites cultured without PWCS 
appeared to lose the ability to react with McAbs 13.12 and 12.154 
(which recognise antigens of approximately 200 kDa) while 
parasites cultured with PWCS for 141 days retained reactivity with 
these McAbs.
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It is possible that the parasite population in the original 
isolate which reacted with these McAbs was not able to adapt to 
standard in vitro culture conditions and so may have been lost. 
Alternatively the proportion of this parasite population in the 
culture without PWCS may have been reduced to such a low level 
that they could not be detected using a standard IFAT test.
One McAb (9.2142, which recognises an antigen of 90 kDa) gave 
positive results with parasites in the original isolate but was 
not seen to react with parasites cultured with or without PWCS.
It would appear that the use of PWCS when adapting new 
isolates of falciparum to culture allows a larger number of the 
individual parasite populations present in an isolate to become 
established in culture than under standard culture conditions. 
Unfortunately it does however appear that even with the use of 
PWCS some parasite populations are lost during the transition to 
in vitro culture.
A
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CHAPTER 5
The development of a technique for the cloning of P. falciparum 
(by limiting dilution) using a feeder cell layer of peritoneal
wash cells.
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In t roduc t ion
I t  i s  now w e l l  documented t h a t  m a la r i a  p a r a s i t e s  show 
c o n s i d e r a b l e  v a r i a t i o n ,  not on ly  between species but also among 
organisms belonging to a s ing le  species [Reviewed W a l l ike r  1983].
C a r t e r  & McGregor (1973) showed t h a t  Gambian i s o l a t e s  o f  P. 
f a lc ipa rum  o f ten  exh ib i ted  more than one e lec t rophore t ic  form o f  
one or more enzymes. Studies invo lv ing  is o la te s  from other par ts  
o f  the wor ld  have shown tha t  they also contain mixtures o f  enzyme 
types. [Sanderson et  a l .  1981; Thaithong et  a l .  1981, Hempelmann 
e t  a l .  1981].
R o s a r io  (1981) prepared c lones from a s i n g l e  i s o l a t e  o f  P. 
fa lc ipa rum  and showed tha t  whi le the o r i g i n a l  uncloned m a te r ia l  
e x h i b i t e d  a m ix t u r e  o f  s eve ra l  enzyme types ,  s i n g l e  c lones  
exh ib i te d  only a s ing le  form of  each enzyme. Clones prepared from 
o t h e r  c u l t u r e d  i s o l a t e s  o f  F^_ f a lc ip a ru m  have been shown to  
e x h i b i t  d i f f e rences  in  s u s c e p t i b i l i t y  to a n t im a la r ia l s  [Graves et  
a l . 1984*? Tha i thong  e t  a l .  1983, 1984, Trager et  a l .  1981, Ky le  
Webster e t  a l .  1985), to ex h ib i t  ant igen ic  d i v e r s i t y  as detected by 
s t r a i n  s p e c i f i c  monoclonal ant ibodies [Thai thong et  a l . 1984] and -fcclf'.pp/'' 
i n  t h e i r  a b i l i t y  to produce gametocytes [Graves _et al .  1984].
These wo rke rs  c loned i s o l a t e s  which had been c u l t u r e d  i n  
v i t r o  f o r  v a r i o u s  pe r io d s  o f  t im e  be fo re  c lo n in g .  The s h o r t e s t  
c u l t i v a t i o n  per iod i s  reported by Graves et  a l . (1984) who cloned 
i s o l a t e  IMT-25 a f t e r  6 days i.n v i t r o  c u l t i v a t i o n .  Rosario (1981) 
cloned an i s o l a t e  from Thailand (T9) which had been cu l tu red  fo r  a 
per iod  o f  between 2 and 5 weeks. The o r i g i n a l  i s o la te  was shown
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to  e x h i b i t  2 forms o f  glucose phosphate isomerase (GP1-1 and GPI- 
2) and 2 forms o f  adenosine deaminase (ADA-1 and ADA-2). When the 
i s o l a t e  was c loned ,  2 to  5 weeks l a t e r ,  the band o f  enzyme 
a c t i v i t y  f o r  ADA 2 could no longer be detected and GPI-1 was found 
to  be present in  reduced amounts.
Most i s o la te s  are, however, cu l tured fo r  even longer per iods 
o f  t im e  b e fo r e  be ing cloned. For example Green e_t _al. (1984) 
repo r t  c lon ing  an i s o la te  previously  maintained in  cu l tu re  fo r  30 
months.
When c l o n i n g  s tu d ie s  are c a r r i e d  out us ing  i s o l a t e s  o f  P. 
fa lc ipa rum  which have previously  been maintained in  cu l tu re  i t  i s  
l i k e l y  t h a t  these p a r a s i t e s  w i l l  have undergone a s e l e c t i o n  
process. Therefore the parasi te populat ion which was cloned may 
d i f f e r  from th a t  o f  the o r ig i n a l  iso la te .  I t  would obviously be 
an advantage i f  p a r a s i t e s  cou ld  be c loned d i r e c t l y  f rom an 
i n f e c t e d  b lood  sample w i th o u t  f i r s t  hav ing to  e s t a b l i s h  the 
i s o l a t e  i n  cu l tu re .
W i th  t h i s  aim i n  mind a feeder  c e l l  l a y e r  was used when 
c lon ing  new and establ ished iso la tes  o f  F\_ fa lc iparum by l i m i t i n g  
d i l u t i o n .
Clones produced in  one such cloning experiment were examined 
using a panel o f  monoclonal ant ibodies in  an i n d i r e c t  f luorescence 
t e s t  as described by McBride _et_ a l . (1982).
W e l l s  and P r i c e  (1983) have developed a s im p le  and r a p id  
method f o r  f reez ing  hybridomas in  96 we l l  m i c r o t i t r e  plates.  As 
the  p r e p a r a t i o n  o f  l a rg e  numbers o f  PWCS i s  t im e  consuming i t
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would be most convenient i f  t h i s  method could be adapted fo r  use 
w i th  PWCS. This would al low 96 w e l l  p lates containing PWCS to  be 
prepared in  advance and stored u n t i l  required fo r  c loning i s o la te s  
o f  F\_ fa lc ip a ru m .
There i s  a need fo r  da i ly  replacement o f  cu l tu re  medium under 
s t a n d a rd  c u l t u r e  c o n d i t i o n s .  D r u h i l l e  _et _al. (1980, 1983) have 
found t h a t  by i n c r e a s in g  the Hepes b u f f e r  c o n c e n t r a t i o n  o f  RPMI 
1640 f rom 25 mM to  35 mM the f requency o f  medium change can be 
reduced t o  once every  3 days. The feas b i l i t y  o f  us ing  t h i s  
method when c lon ing  iso la tes  o f  j\_ fa lc iparum was inves t iga ted  as 
t h i s  would reduce the number o f  t imes the p la te  was handled and so 
reduce the r i s k  o f  contamination.
Cloning o f  P. falc'i parum by_ l i m i t i n g  d i l u t i o n  w i th  a feeder c e l l  
la y e r  o f  PWCS
Experiment 5:1
Nine i s o l a t e s  o f  Fj_ f a lc ip a ru m  were c loned by l i m i t i n g  
d i l u t i o n  (as desc r ibed  in  M a t e r i a l s  & Methods) i n  96 w e l l  
m i c r o t i t r e  p l a t e s  both w i th  and w i t h o u t  4 x 1 0  PWCS/wel l . 
C lo n in g  was a t te m p ted  a t o t a l  o f  21 t im e s ,  e i t h e r  d i r e c t l y  f rom 
in fe c te d  blood samples, from cryopreserved blood samples or from 
cu l tu res .  150jul  o f  medium from each w e l l  were replaced d a i l y  and 
a smear from each w e l l  was made a f te r  21 days.
Resul t
A summary o f  the r e s u l t s  i s  shown i n  Table 5.A W el ls
107 
Table 5A
Summary of cloning experiments carried out with and without a_ feeder 
cell layer of PWCS
Treatment
Number of 
positive wells
Experiment Isolate before
cloning +PWC -PWC
Day Plate 
Screened
1 FF C - 37 days 14 not done 21
2 FF C - 48 days 39/40 2/56 21
3 IT P 3 0 16 (Contam)
4 LU P 0 0 20
5 LU c - 28 days 4 0 21 (Contam)
6 AF st - 24 hrs C - - (Contam)
7 BO st - 24 hrs C 0 0 21
8 AF st - 24 hrs C 16 0 21
9 JK p 0 0 21
10 JK c - 24 hrs 0 0 21
11 JK p 0 0 21
12 LU st - 24 hrs C 0 0
21
13 BO st - 24 hrs C 0 0 21
14 BG p 0
0 21
15 BG p 0
0 21
Table 5.A (Continued)
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Experiment Isolate
Treatment
before
cloning
Number of 
positive wells
Doy Plate 
Screened+PWC -PWC
16 JMc P 0 0 21
17 RC P 0 0 21
18 BG C - 38 days 0 0 21
19 RC St - 24 hrs C 0 0 21
20 JM P 0 0 21
C - isolate cloned from culture
St - isolate cloned from stabilate
P - isolate cloned directly from patient
Contam. - culture contaminated.
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con ta in in g  pa ras i tes  were found in  5 c loning experiments in  which 
PWCS were used and once in  a c loning experiment in  which PWCS were 
n o t  used.
I s o la te  FF was cloned a f te r  being in  cu l tu re  fo r  37 days and 
14 p o s i t i v e  ( i .e.  we l ls  containing parasi tes) wel ls  were found in  
the 96 w e l l  p la te  w i th  PWCS, but no pos i t i ve  we l l s  were found in  
th e  p l a t e  w i t h o u t  PWCS. FF was cloned again a f t e r  48 days in  
c u l t u r e  and 39 out o f  40 wel ls  conta ining PWCS and 2 we l l s  w i thout  
PWCS were found to  be pos i t i ve .
I s o la te  IT was cloned d i r e c t l y  from an in fec ted blood sample 
and 3 p o s i t i v e  w e l l s  were found in  the p l a te  w i t h  PWCS when the  
p la te  was screened a f te r  16 days due to contamination.
I s o la te  LU was cloned a f te r  being in  cu l tu re  fo r  28 days and 
4 p o s i t i v e  w e l l s  were found i n  the p l a t e  w i t h  PWCS. I s o l a t e  AF 
was c loned  from a c ryoprese rved  blood sample which had been 
c u l t u r e d  f o r  24 hours p r i o r  to  c lo n in g  16 p o s i t i v e  w e l l s  were 
found in  the p la te  containing PWCS, and none in  the p la te  w i thout  
f e e d e r  c e l l s .
Examinat ion o f  Parasi tes from p o s i t i v e  we l l s  in  c loning experiment 
8 using an i n d i r e c t  immunofluorescence tes t  ( IFAT)
Experiment 3:2
When i s o l a t e  AF was c loned ( c l o n i n g  expe r im en t  8) 16 w e l l s  
were found to  contain  parasi tes.  These paras i te populat ions were 
expanded i n  c u l t u r e  u n t i l  s u f f i c i e n t  m a t e r i a l  was a v a i l a b l e  to
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p re p a re  a n t ig e n  s l i d e s .  An t igen  s l i d e s  were prepared from 14 
clones, (2 cu l tu res  were l o s t  through contaminat ion before ant igen 
s l i d e s  could be made), and also from the o r i g i n a l  i s o la te .  These 
were examined using a panel o f  11 monoclonal ant ibodies (McAbs), 
(see M a t e r i a l s  and Methods f o r  s p e c i f i c i t i e s )  i n  an IFAT t e s t .  
Each clone was tested on 3 separate occasions.
Resul t
The f luorescence shown by the pos i t i ve  con t ro l  (McAb 9.8) was 
scored as +++, and the negative con t ro l  was scored as f o r  each 
clone on each occasion i t  was tested. The le v e l  o f  f luorescence 
seen w i th  each o f  the other McAbs was recorded according to  t h i s  
s c a le .  A summary o f  the r e s u l t s  ob ta ined i s  shown i n  Table 5B. 
The pa ras i tes  tested showed 3 d i f f e r e n t  patterns o f  f luorescence, 
a l l  un l ik e  tha t  shown by the parent iso la te .
d.'fJreA: ot?
McAbs 7.3, 13.1 and 13.2 (which re c o g n is e ^ s c h i z o n t  stage 
ant igen o f  approximately 200 kDa) gave pos i t i ve  re s u l t s  w i th  the 
parent i s o la t e ;  7.3 and 13.1 did not react w i th  any o f  the clones 
tes ted  and 13.2 reacted w i th  only one clone.
Ehascime-
V
Two McAbs 9.2-6 and 9.3 (which a lso  recogn ise  s c h i z o n t  
ant igen o f  approximately 200 kDa) did not give p o s i t i v e  re s u l t s  
w i t h  the  p a re n t  i s o l a t e  but gave s t rong  f lu o re s c e n c e  w i t h  11 
clones and weak f luorescence w i th  1 clone.
McAb 9.21 (which recogn ises  an a n t ig en  o f  90 kDa lo c a te d  i n  
the  i n f e c t e d  RBC membrane) d id  not r e a c t  w i t h  the  pa ren t  
p o p u l a t i o n  bu t  gave s t ron g  f lu o re s c e n c e  w i t h  6 c lones  and weak 
f luorescence w i th  1 clone.
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The e f f e c t  o f  cryopreservat ion on the a b i l i t y  o f  PWCS to  promote 
increased pa ras i te  m u l t i p l i c a t i o n
Experiment 3:3
In t h i s  experiment 96 w e l l  m ic r o t i t r e  pla tes conta in ing  PWCS 
were thawed a f t e r  be ing s to re d  a t  -70°C f o r  4 days, 1, 3, 4, 5 or  
16 weeks. The a b i l i t y  o f  these PWCS to  promote an in c re a s e  i n  
pa ras i te  m u l t i p l i c a t i o n  was compared wi th  that  o f  PWCS stored in  
l i q u i d  n i t rogen and also w i th  f resh ly  prepared PWCS.
Iso la tes  were grown at  a 10% haemotocr it  in  200 j j l  a l iq u o ts  
o f  complete medium in  we l l s  containing 4 x 10^ cryopreserved PWCS. 
I s o l a t e s  were a lso  grown i n  200 ju l  o f  comple te medium w i t h  and 
w i thou t  4 x 10^ f resh PWCS/well.
Each t r e a tm e n t  was c a r r i e d  out i n  t r i p l i c a t e  and 1 5 0 ju l  o f  
medium from each w e l l  was replaced da i ly .
The expe r im e n t  was c a r r i e d  out us ing i s o l a t e s ,  AF, BG, FMG, 
and RB w i th  s t a r t i n g  parasi taemias o f  between 0.4% and 1.0%.
Resul t
A f t e r  be ing  s to re d  a t  -70°C for 4 days PWCS suppo r ted  
pa ras i te  m u l t i p l i c a t i o n  at  a s l i g h t l y  lower le v e l  than f resh PWCS 
(see F igu re  5.1). C u l tu re s  w i t h  c ryopreserved  PWCS had mean 
p a r a s i t a e m ia s  o f  12.0% ( f r o z e n  i n  FCS and 10% DMS0) and 10.0% 
(frozen in  RPNI w i th  6% DMS0 and FCS) on day 8 compared w i th  14.3% 
in  cu l tu res  w i th  f resh PWCS and 0% in  cont ro l  cu l tu res  (no PWCS).
IN A B IL IT Y  OFEp w rs CTn°DF ST0RA6E AT 70  C F0R FOUR DAYS
AR 0F PWCS T0 pro m o te  AN INCREASE IN THE
MULTIPLICATION RATE OF ISOLATE AF.
1 0  -
1 086
DAYS
Isolate AF was grown at a 10% haematocrit in 200ajI aliquots of complete 
medium-*- in  a  96 well m icrotitre plate. AF was also‘grown under the 
same conditions w ith 4x10 fresh PWCS-*1 or w ith PWCS which had been 
cryopreserved in FSC +10% DMSO *** or RPMI + 6% DMSO+FCS -o-. Each 
treatment was carried out in triplicate. Bars indicate spread of points.
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The amount o f  paras i te m u l t i p l i c a t i o n  promoted by PWCS a f te r  
be ing  s to re d  a t  -70 C f o r  1 week was less  than t h a t  promoted by 
f resh PWCS, (see Figure 5.2). Cul tures w i th  f resh PWCS achieved a 
mean p a r a s i t a e m ia  o f  4.6% on day 7. PWCS s to re d  i n  l i q u i d  
n i t r o g e n  were the most e f f e c t i v e  o f  the c ryop rese rved  PWCS in  
p ro m o t in g  p a r a s i t e  m u l t i p l i c a t i o n  on day 7 when these c u l t u r e s  
reached a mean parasi taemia o f  3.2%, compared w i th  2.5% in  con t ro l  
c u l t u r e s .  On day 4, however, PWCS f rozen in  DMSO w i t h  10% FCS 
were the  most e f f e c t i v e  o f  the c ryopreserved PWCS s u p p o r t i n g  a 
mean p a r a s i t a e m ia  o f  4.3% compared w i th  4.5% in  c u l t u r e s  w i t h  
f resh PWCS and 2.8% in  con t ro l  cul tures.
PWCS s to re d  a t  -70°C f o r  between 3 and 5 weeks be fo re  use 
showed a d e c l i n e  i n  t h e i r  a b i l i t y  t o  p ro m o te  p a r a s i t e  
m u l t i p l i c a t i o n  when compared w i t h  f resh  PWCS, (see F igu res  5.3, 
5.4 and 5.5). An exception to t h i s  were the PWCS stored in  l i q u i d  
n i t r o g e n  f o r  5 weeks, c u l t u r e s  w i t h  these c e l l s  had a mean 
p a r a s i t a e m ia  o f  6.4% on day 5 compared w i th  c u l t u r e s  c o n t a i n in g  
f resh PWCS at  6.3%, and cont ro l  cu l tu res  at 2.4% (see Figure 5.5).
PWCS stored fo r  3 weeks in  DMSO wi th  10% FCS supported a mean 
paras i taemia  o f  12.7% which compared favourably w i th  cu l tu res  w i th  
PWCS which had a parasitaemia o f  13.2% on day 5.
PWCS s to re d  a t  -70°C f o r  16 weeks d id  not  promote any 
increase in  paras i te  m u l t i p l i c a t i o n  (see f igu re  5.6).
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isolate BG was grown at a 10% haematocrit in 200jjI aliquots of complete 
medium-*- in a 96 well m icrotitre plate. AF was also grown under the 
same conditions w ith  4x 10^ fresh PWCS •** or with PWCS which had been 
cryopreserved in liquid nitrogen -** or at -70 C using FSC +10% DMSO 
/ or at -70 C using RPMI+ 6% DMSO+FCS , Each treatment was carried 
out in trip licate. Bars indicate spread of points.
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EllzURE 5.3 THE EFFECT OF STORAGE IN LIQUID NITROGEN OR AT
-7 0  C FOR THREE WEEKS ON THE ABILITY OF PWCS TO PROMOTE AN
INCREASE IN THE MULTIPLICATION RATE OF ISOLATE K.
2 0  - i
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DAYS
Isolate K was grown at a 10% haematocrit in 200 jj 1 aliquots of complete 
medium-*- in a 96 well m icrotitre plate. K was also grown under the 
same conditions w ith 4x10^ fresh PWCS or w ith PWCS which had been 
cryopreserved in liquid nitrogen -** or at -70 C using FSC +10% DMSO -*■ 
or at -70 C using RPMI+ 6% DMS0+FC5 -a- , Each treatment was carried 
out in trip licate. Bars indicate spread of points.
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nil T M C  A R M  I TV nc rn STORAGE AT -7 0 *C FOR FOUR WEEKS
ON THE ABILITY OF PWCS TO PROMOTE AN INCREASE IN THE
MULTIPLICATION RATE OF ISOLATE B6.
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Isolate BG was grown at a 10% haematocrit in 2 0 0 jul aliquots of complete 
medium-*- in a 96 well m icrotitre plate. AF was also grown under the 
same conditions w ith  4x10~* fresh PWCS-*- or w ith PWCS which had been 
cryopreserved in FSC + 10% DMSO-** or RPMI+ 6% DMSO+FCS-®- . Each 
treatment was carried out in triplicate. Bars indicate spread of points.
FIGURE 5 .5  THE EFFECT OF STO RA &  IN LIQUID NITROGEN OR AT 
-70 °C  FOR FIVE WEEKS ON THE ABILITY OF PWCS TO PROMOTE AN 
INCREASE IN THE MULTIPLICATION RATE OF ISOLATE FMG.
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Isolate FMG was grown at a 1 0 %  haematocrit In 2 0 0 a i 1 aliquots of 
complete medium In a 96 well m jcrotltre plate. FMG was also grown 
under the same conditions with 4x10^ fresh PWCS-*- or with PWCS which 
had been cryopreserved in liquid nitrogen-*- or at -70 C using FSC + 10% 
DM50*- or at -70 C using RPMI+ 6% DMSO+FCS ^  , Each treatment was 
carried out in trip licate. Bars indicate spread of points.
IZU
FI GURE 5,6 THE EFFECT OF STORAGE AT ~70°C FOR FOUR MONTHS
WEEKS ON THE ABILITY OF PWCS TO PROMOTE AN INCREASE IN THE
MULTIPLICATION RATE OF ISOLATE RB.
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Isolate RB was grown at a 10% haematocrit in 200ajI aliquots of complete 
medium-*- in a 96 well m icrotitre plate. AF was also grown under the 
same conditions w ith  4x10^ fresh PWCS -»* or w ith PWCS which had been 
cryopreserved in F5C +10% D M 5 0 o r  RPMJ+ 6% DMSO+FCS •*- . Each 
treatment was carried out in triplicate. Bars indicate spread of points.
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The Growth o f  P. fa lciparum in  RPMI containing 35 mM Hepes b u f f e r .
Experiment 3.4A
Is o la te  AF was grown at a 5% haematocr it  in  we l ls  containing 
5*105 PWCS in  300 jul  o f  complete medium containing e i th e r  35 mM or 
25 mM Hepes b u f f e r  i n  a 24 w e l l  m u l t i w e l l  p l a te .  AF was a lso  
grown under the same condi t ions wi thout  PWCS in  complete medium 
con ta in ing  25 mM Hepes.
Each t r e a t m e n t  was c a r r i e d  out i n  t r i p l i c a t e  and 450ju l  o f  
medium from each w e l l  were replaced every 24, 48 or 72 hours.
The s t a r t i n g  parasi taemia o f  AF was 0.4%, the experiment was 
repeated using i s o la te  AF w i th  a s ta r t in g  parasi taemia o f  0.5%.
Resul t
The g rea tes t  paras i te  m u l t i p l i c a t i o n  was observed in  cu l tu res  
w i th  PWCS and 25 mM Hepes supplemented medium which was replaced 
d a i l y ,  (see F ig u re  5.7). When c u l t u r e s  were grown w i t h  35 mM 
Hepes supplemented medium which was replaced every 24 hours they 
reached a mean p a ra s i ta e m ia  o f  9.0% on day 6. C u l t u re s  i n  which 
the  medium was rep laced  every 48 or 72 hours reached mean 
p a r a s i t a e m i a s  o f  5.2% and 4.8% re s p e c t i v e ly .  A l l  these cu l tu res  
supported more paras i te  m u l t i p l i c a t i o n  than con t ro l  cu l tu res  (no 
PWCS and normal medium). A s im i l a r  res u l t  was obtained when the 
experiment was repeated (see Figure 5.8).
FIGURE 5 .7  THE EFFECT OF COMPLETE MEDIUM CONTAINING 35mM  
HEPES BUFFER AND REDUCED FREQUENCY OF MEDIUM CHANGE ON 
THE MULTIPLICATION OF ISOLATE AF.
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Isolate AF was grown at a 5% haematocrit in 500jui of complete medium 
containing 25mM Hepes [ normal medium ]•*■ in a 24 well m ultiwell plate, 
this medium was replaced daily. AF was also grown under the same 
conditions w ith J x 106 P W C S . AF was also grown with PWCS in 
medium containing 35mM Hepes which was replaced every 24 , 48
or 72 -o* hours. Each treatment was carried out in triplicate. Bars
indicate spread of points.
^ r “ ,?FFD" L EFX ECT 0F C0l^ ETE WDIUM CONTAINING 35mM
EM l r  ND w d u c e d  frequensy  of m e d iu m  change  on
THE MULTIPLICATION OF ISOLATE AF.
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Isolate AF was grown at a 5% haematocnt in 500jul of complete medium 
containing 25mM Hepes [ normal medium ] -*- in a 24 well m ultiwell plate, 
this medium was replaced daily. AF was also grown under the same 
conditions w ith ix lO 6 PWCS o  . AF was also grown w ith PWCS in 
medium containing 35mM Hepes which was replaced every 24 , 48
or 72 -a* hours. E a c h  treatment was carried out in triplicate. Bars 
indicate spread of points.
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Exper iment  5:4(B)
This experiment was car r ied  out to examine the e f fe c t  o f  35 
mM Hepes supplemented medium and reduced f requency o f  medium 
change on c u l t u r e s  o f  F\_ f a l c i p a r u m  at  very low s t a r t i n g  
paras'b aemias.
I s o l a t e  BO was grown a t  a 2.5% h a e m o t o c r i t  i n  w e l l s  
c o n t a i n i n g  4 x 10^ PWCS/wel l i n  200 jj I  o f  complete medium 
con ta in ing  35 mM liepes bu f fe r  in  a 96 we l l  m ic r o t r i t r e  p la te .  BO 
was d i l u t e d  w i t h  NRBCS to  g ive  500 PRBCS/ml. 150 ju l  o f  medium 
from each w e l l  were replaced every 24, 48, 72, or 96 hours. A f te r  
14 days a smear was made from each w e l l  and examined f o r  the 
presence o f  paras i tes.
Resul t
37% o f  the we l ls  in  which the medium was replaced every 24 or 
96 hours  and 46% o f  w e l l s  i n  which medium was rep laced  every  72^  
hours  c o n ta in e d  p a r a s i t e s  a f t e r  14 days. When the medium was 
r e p la c e d  every  48 hours 79% o f  the w e l l s  were found to  c o n ta in  
p a ras i te s  a f t e r  14 days, (see Figure 5.9).
Discussion
The r e s u l t s  o f  c lo n in g  expe r imen ts  1 to  8 are encourag ing  
w i th  view to  c lon ing new iso la tes  o f  P^_ fa lc iparum wi thout  f i r s t  
having to  adapt them to cu l tu re ,  as the presence o f  a feeder c e l l  
la ye r  o f  PWCS appears to  g rea t ly  increase cloning e f f i c ie n c y .  In 
e x p e r im e n ts  9 to  12 however, no f u r t h e r  success was ach ieved ,
FIGURE 5 .9 THE EFFECT OF COMPLETE MEDIUM CONTAINING 35mM  
HEPES BUFFER AND REDUCED FREQUENCY OF MEDIUM CHANGE ON 
THE MULTIPLICATION OF ISOLATE BO AT A LOW STARTING 
PARASITAEMIA .
MEDIUM CHANGE [HRS]
Isolate BO was grown at a 2.5% haematocrit and w ith 500 PRBCS/ml in 
we lls  containing 4x105 PWCS in 200^1 of complete medium containing 
35mM Hepes buffer in a 96 well m icrotitre  plate. 150^1 of medium from 
each well were replaced every 24, 48 , 72 or 96 hours.
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though experiments 9 to  11, 16 and 21 were carr ied out on i s o la te s  
which were found subsequently not to adapt to cu l tu re .
I t  i s  i n t e r e s t i n g  to  note t h a t  i n  exper iments  1 t o  8 RPMI 
from Gibco was used, whi le RPMI from Northumbria B io lo g ic a ls  Ltd. , 
(NBL) was used i n  expe r imen ts  9 to  21. I n i t i a l l y  p a r a s i t e  
c u l t u r e s  appeared to  grow e q u a l l y  w e l l  i n  both media,  bu t  a f t e r  
severa l  months i t  became apparent that  RPMI from NBL was less  able 
than Gibco RPMI to support paras i te  growth. I t  i s  poss ib le  tha t  
p a r a s i t e s  c u l t u r e d  i n  NBL RPMI were s t ressed  but i n  s tanda rd  
c u l t u r e s  t h i s  was not im m e d ia te ly  n o t i c  ab le .  The s t r e s s  may 
however ,  have been s u f f i c i e n t  to  n o t i c a b l y  a f f e c t  the  g row th  o f  
i n d i v i d u a l  paras i tes,  as would be found in  c loning experiments.
There do not appear to have been any other c loning s tud ies  in  
wh ich  c l o n i n g  was c a r r i e d  out d i r e c t l y  f rom an i n f e c t e d  b lood 
sample.  The s h o r t e s t  c u l t i v a t i o n  pe r iod  i s  t h a t  r e p o r te d  by 
Graves e_t _al. (1984) who c loned an i s o l a t e  a f t e r  6 days i n  v i t r o  
c u l t i v a t i o n .  The ev idence p rov ided  by o the r  w o rke rs ,  such as 
Rosa r io  (1981) i n d i c a t e s  t h a t  i t  i s  d e s i r a b le  t o  c lo ne  new 
i s o la t e s  as qu ick ly  as possible.
I s o la te  AF was successfu l ly cloned from a cryopreserved blood 
sample which had been cu l tu red  fo r  24 hours p r i o r  to  c lon ing  ( to 
check pa ras i te  v i a b i l i t y ) .  A t o t a l  o f  16 clones were obtained and 
the an t igen ic  d i v e r s i t y  o f  14 o f  these clones was examined using 
s t r a i n  s p e c i f i c  m o n o c l o n a l  a n t i b o d i e s  i n  i n d i r e c t  
immunofluorescence tes ts ,  as described by McBride et_ _al. (1982). 
These monoc lona l  a n t ib o d ie s  in d ic a te d  that  the o r i g i n a l  i s o la te  
(AF) was a mixture o f  d i f f e r e n t  ant igen ic  types and in  d i f f e r e n t  
c lones-hhrez, d i f f e r e n t  an t igen ic  types could be recognised.
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Three monoc lona l  a n t i b o d ie s ,  7.3, 13.1 and 13.2; wh icha.
recogn ise^sch izsn t  stage ant igen o f  approximately 200 kDa, gave 
p o s i t i v e  r e s u l t s  w i th  the o r i g i n a l  iso la te  but did not react  w i th  
any o f  the  c loned  p a r a s i t e  p o p u la t io n s .  Th is  i s  an i n d i c a t i o n  
t h a t  some p a r a s i t e  p o p u la t i o n s  presen t  i n  the o r i g i n a l  i s o l a t e  
have not  been c loned.  Two monoclonal  a n t ib o d ie s  9.2.6 and 9.5 
which recognise schizont ant igens of  approximately 200 kDa and one 
m onoc lona l  a n t ib o d y  re c o g n is in g  a 90 kDa an t ig en  d id  not  r e a c t  
w i t h  p a r a s i t e s  i n  the o r i g i n a l  i s o l a t e ,  but  d id  g ive  p o s i t i v e  
r e s u l t s  w i th  some o f  the cloned parasi tes.  A possible exp lanat ion 
o f  t h i s  may be t h a t  the p a r a s i t e  p o p u la t io n  exp ress ing  the 
respons ib le  ant igens was present in  the o r ig i n a l  i s o la te  at  very 
low  f r e q u e n c ie s  and cou ld  not be detec ted us ing a s tandard  IFAT 
t e s t .
Tha i thong  e_t _al. (1984) a ls o  used the monoclonal  a n t i b o d ie s  
o f  McBr ide e_t _al. 1982 to  examine 10 c lones produced from an 
i s o l a t e  f rom T ha i land  and found t h a t  a t  l e a s t  5 d i f f e r e n t  
c o m b in a t io n s  o f  a n t ig e n  markers could be recogn ised .  These 
w o r k e r s  a l s o  e x a m in e d  t h e i r  c l o n e s  w i t h  r e g a r d  t o ;  
e l e c t r o p h o r e t i c  v a r i a n t s  o f  3 enzymes GPI, ADA and PEP; 
s u s c e p t i b i l i t y  to  chloroquine and pyr imethimine, the presence or 
absence o f  knobs on in fec ted  e r y th r o c y t e s  and the 2 - d im e n s io n a l  
PAGE v a r i a n t s  o f  7 p r o t e in s .  Using a l l  these methods a t  l e a s t  7 
d i f f e r e n t  t ypes  o f  c lone  were found, t h i s  i l l u s t r a t e s  the  la rg e  
amount o f  phe no typ ic  v a r i a t i o n  which can be observed w i t h i n  a 
s i n g l e  i s o l a t e .  I t  was not r e p o r te d  how long t h i s  i s o l a t e  had 
been cu l tu red  in  v i t r o  before c loning was car r ied  out.
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The c u l t u r e  s upe rna tan ts  o f  i s o l a t e  AF and o f  the 16 c lones  
produced from t h i s  i s o l a t e  were examined w i t h  rega rd  to  5 
ant igens. Cul ture supernatants from the o r ig in a l  i s o la te  and from 
15 o f  the  16 c loned l i n e s  were found to  c on ta in  a heat s t a b le  
a n t i g e n  o f  145 -  155 kDa w h i l e  in  1 c loned l i n e  t h i s  was 
approximate ly  10 kDa l a r g e r ,  (Bazarga, personal  commun ica t ion) .  
Th is  shows t h a t  the d i v e r s i t y  o f  i s o l a t e  AF w i t h  rega rd  to  S 
a n t ig e n s  i s  c o n s id e r a b l y  le ss  than demonstrated by monoc lona l  
an t ibod ies .
I t  would be in te re s t in g  to examine the d i v e r s i t y  o f  i s o la te  
AF and i t s  a s s o c ia te d  c lones  by o ther  methods, such as those 
descr ibed by Thaithong _et al .  (1984).
The re s u l t s  obtained from experiment 5:3 are d isappo in t ing  as 
the  a b i l i t y  o f  c ryop rese rved  PWCS to promote increased paras i te  
growth to  the same le v e l  as f resh PWCS appears to dec l ine qu ick ly .  
PWC v i a b i l i t y  was not checked during th is  experiment but i t  would 
seem l i k e l y  t h a t  t h e  obse rved  d e c l i n e  i n  t h e  a b i l i t y  o f  
cryopreserved PWCS to support paras i te growth i s  due to  a decrease 
i n  PWC v i a b i l i t y .  PWCs cryopreserved and s to re d  i n  l i q u i d  
n i t r o g e n  r e t a i n e d  t h e i r  a b i l i t y  to  promote in c reased  p a r a s i t e  
m u l t i p l i c a t i o n  a l i t t l e  be t te r  than PWCS frozen in  96 w e l l  p lates 
a f t e r  5 weeks o f  storage. However none of  the cryopreserved PWCS 
was able to  promote increased parasi te m u l t i p l i c a t i o n  a f t e r  being 
stored fo r  16 weeks.
In  c o n t r a s t  to  the f i n d i n g s  o f  D r u h i l l e  e t  a l .  (1980, 1983) 
medium conta in ing 35 mM Hepes buf fer  appeared to be less able than 
normal medium (25 mM Hepes) to support parasi te cu l tu res  at  high
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paras i taemias even when the medium was replaced da i ly .  Cul tures 
grown w i t h  medium c o n t a i n in g  35 mM Hepes b u f f e r  d id ,  however,  
achieve higher parasi taemias than control  cu l tu res  (normal medium, 
no PWCS). The r e s u l t s  o f  exper iment  5:4(B) suggest t h a t  t h i s  
m o d i f i e d  medium may be s u i t a b l e  f o r  m a in ta in in g  c u l t u r e s  w i t h  
reduced frequency o f  medium change at low paras i te den s i t ie s ,  as 
when the medium was re p le n is h e d  at  48 hr i n t e r v a l s  19% o f  w e l l s  
were found to  contain parasi tes.
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CHAPTER 6
The evaluation of 4 mammalian cell lines as feeder cells 
for cultures of falciparum
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In t ro d u c t io n
The use o f  mouse PWCS as feeder c e l l s  f o r  c u l t u r e s  o f  P.
P.a_T.^ m depends upon the a v a i l a b i l i t y  o f  mice as donors o f  PWCS 
and t h i s  has c e r ta in  disadvantages.
I t  i s  u n l i k e l y  t h a t  mouse c o lon ies  are a v a i l a b l e  i n  many 
areas o f  the  w o r ld  where m a la r ia  i s  endemic. There i s  a l s o  a 
p o s s i b i l i t y  t h a t  the PWC suspension may become contaminated as i t  
i s  being removed from the mouse and that t h i s  contaminat ion may be 
i n t r o d u c e d  i n t o  the  p a r a s i t e  c u l t u r e s .  I t  would,  t h e r e f o r e ,  be 
s i m p l e r  and more conven ien t  i f  a feeder c e l l  which grows 
c o n t in u a l l y  in  cu l tu re  could be found and used as an a l te r n a t i v e  
t o  PWCS. An i d e a l  feeder  c e l l  should be e a s i l y  m a in ta ined  in  
v i t r o , p re fe ra b ly  adhere to  the cul ture vessel and be compatable 
w i th  the medium used fo r  the c u l t i v a t i o n  o f  the parasi tes.
C e l l  l i n e s  which have been used as feeder  c e l l s  i n  o th e r  
s y s t e m s  i n c l u d e  human f i b r o b l a s t s ,  w h ic h  were  used by 
Michalopoulos ej^_ al .  (1979) fo r  the c u l t i v a t i o n  o f  parencyhymal 
hepatocytes and by Rheinwold and Green (1975) fo r  the c u l t i v a t i o n  
o f  human e p id e rm a l  c e l l s .  I s h i i  et  a l . (1981) a lso  used a human 
f i b r o b l a s t  c e l l  l i n e  (IMR 90) as a feeder c e l l  l a y e r  f o r  mouse 
lymphoma ( L 121 0) c e l l s .
The use o f  mammalian f i b r o b l a s t s  as feeder  c e l l s  f o r  the 
c u l t i v a t i o n  o f  blood stream form trypanosomes i s  w e l l  establ ished. 
H i r u m i  e t  a l .  (1977) used f i b r o b l a s t  l i k e  c e l l s  i s o l a t e d  from 
bov ine  b lood  and t i s s u e s  as feeder c e l l s  f o r  the c u l t i v a t i o n  o f  
h 1 n n H  c,frRam fo rms o f  Trypanosoma b ruce i  i n  v i t r o .  Brun e t_  a l .  
(1981) also success fu l ly  cu l t i va ted  JN brucei ,  T^ rhodesiense and
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gambiense using feeder c e l l s  iso la ted  from the embryos o f  New 
Zealand wh i te  rabb i ts  or the mountain vole (Microtus montanus).
Three human c e l l  l i n e s  were assessed as p o t e n t i a l  feeder  
c e l l s  f o r  c u l t u r e s  o f  f a l c i p a r u m . They were s e le c te d  on
account o f  t h e i r  a v a i l a b i l i t y  and ease o f  c u l t i v a t i o n .  The 3 c e l l  
l i n e s  were:
R a j i  A c e l l  l i n e  de r ive d  from a B u r k i t t s  lymphoma o f  the
m ax i l la  and which grows in suspension.
143 A human t h y m id in e  k inase d e f i c i e n t  c e l l  l i n e  d e r iv e d
from the mouse sarcoma v i r u s  t ran s fo rm e d  l i n e  R970-5 
and which at taches to  the cu l tu re  vessel.
K362 An erythroleukaemic c e l l  l i n e  iso la ted  from the p leura l
e f fu s io n  o f  a pa t ien t  w i th chronic myeloid leukaemia in  
t e rm in a l  b las t  c r i s i s .  A proport ion  o f  the c e l l s  grow 
in  suspension whi le the remainder at tach to the cu l tu re  
v e s s e l .
The f i b r o b l a s t  l i k e  c e l l  l i n e  i s o l a t e d  from embryos o f  
M i c r o t u s  montanus by Brun e t  a l . (1981) were a ls o  t e s te d  as 
p o t e n t i a l  feeder c e l l s  fo r  cu l tu res  of  fa lc iparum.
The growth o f  P. fa lc iparum with  c e l l  l i n e s  Raj i  and 143
Exper iment 6;1A
As c e l l  l i n e s  R a j i  and 143 d i v i d e  i n  c u l t u r e  ( u n l i k e  PWCS) 
they were tes ted  as feeder c e l l s  at a lower i n i t i a l  concentrat ion
than t h a t  used fo r  PWCS.
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I s o la t e  K was grown at a 3.0% haematocri t  in  we l l s  conta ining 
3.0 x 10 , 1.3 x 105 or 7.5 x 10^ R a j i  or  143 c e l l s  i n  700 jjI o f  
complete medium in  a 24 we l l  m u l t iw e l l  p late .  K paras i tes were 
also  grown under the same condi t ions both w i th  and without 1 x 106 
PWCS/Well. Each treatment was car r ied  out in  t r i p l i c a t e  and the 
s t a r t i n g  paras i taemia  o f  K was 1.0%. 500 ju l  o f  medium from each
w e l l  were replaced da i ly  and smears were made on days 3 and 5.
Resul t
A l l  th e  c u l t u r e s  w i th  R a j i  c e l l s  showed le ss  p a r a s i t e  
m u l t i p l i c a t i o n  than e i the r  cont ro l  cul tures  (no feeder c e l l s )  or 
c u l t u r e s  w i t h  PWCS (See F igu res  6.1 and 6.2). Th is  was a lso  t r u e  
f o r  c u l t u r e s  w i t h  3.0 x 10^ 143 c e l l s .  C u l tu re s  w i t h  7.5 x 10^ 
143 c e l l s  however,  had a h igher  mean p a ra s i ta e m ia  (5.25%) than 
c o n t r o l  c u l t u r e s  (2.8%) on day 5. C u l tu re s  w i t h  1.5 x 10^ 143 
c e l l s  had a higher mean parasi taemia than con t ro l  cu l tu res  on day 
3 but no paras i tes  were found in  these cu l tu res  on day 5.
The paras i taemia  o f  a l l  cu l tu res  w i th  Raj i  or 143 c e l l s  was 
lower  than th a t  in  cu l tu res  wi th PWCS on both days 3 and 5.
The Growth o f  P. fa lciparum wi th  reduced i n i t i a l  numbers o f  1 A3, 
R a j i  or  K562 c e l l s
Experiment 6:1B
The i n i t i a l  number o f  143, Ra j i  or K562 c e l l s  was reduced in  
t h i s  exper iment as these c e l l s  appeared to m u l t i p l y  too ra p id ly  in 
the previous experiment.
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EjGURE § . 1 Isolate K was grown at a 3% haematocrit in 700u) of 
complete medium in wells containing 3x l05 -a- , l.SxiO5 -* - ,o r  
7.5x10^ ♦  RAJI cells in a 24 well multiwell plate. K was also grown 
under the same conditions both w ith and without Ix lO 6 PWCS /w ell. 
Each treatment was carried out in triplicate. Bars indicate spread of 
points.
FIGURE 6  ? Isolate K was grown at a 3% haematocrit in 700AJl of 
complete medium in wells containing 3x105 -a- , 1.5x10^*^ or 
7.5xl04 -*- 143 cells in a 24 well multiwell plate. K was also grown 
under the same conditions both w ith and without -*• 1x10^ PWCS /w ell. 
Each treatment was carried out in triplicate. Bars indicate spread of 
points.
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THE EFFECT OF CELL LINES RAJI AND 143 ON THE MULTIPLICATION  
RATE OF ISOLATE K.
FIGURE 6.1 CELL LINE RAJI
20 n
10 -
6543210
DAYS
FIGURE 6.2 CELL LINE 143
2 0  -i
10 -
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I s o la t e  K was grown at a 3.0% haemotocr it  in  we l l s  conta in ing 
3 x 104 , 2.5 x 10^ or 1.25 x 10^ R a j i ,  143 or K562 c e l l s  i n  700 ju l  
o f  complete medium in  a 24 we l l  m u l t iw e l l  p late.  K was also grown 
under the same condi t ions in  complete medium both w i th  and w i thou t  
1 x 106 PWCS/well
Each t reatment was car r ied  out in  t r i p l i c a t e  and the s t a r t i n g  
pa ras i taem ia  o f  K was 1.0%. 500 pi of  medium from each w e l l  were
rep laced d a i l y  and smears made on days 3 and 5.
Resu l t
A l l  c u l t u r e s  w i t h  R a j i ,  K562 o r  143 c e l l s  had l o w e r  
paras i taemias  than cont ro l  cu l tu res  (no feeder c e l l s )  and cu l tu res  
w i t h  PWCS (see F igu res  6.3, 6.4 and 6.5). On day 3, however,  
c u l t u r e s  w i t h  1.25 x 10^ R a j i  c e l l s  had a mean p a r a s i ta e m ia  o f  
11.0% wh ich  was h ighe r  than c o n t r o l  c u l t u r e s  w i t h  a mean 
p a r a s i t a e m i a  o f  8.4%. C u l tu re s  w i t h  PWCS achieved a mean 
p a r a s i t a e m i a  o f  11.7% on day 3 and 18.6% on day 5.
The growth o f  P. fa lc iparum wi th  Microtus montanus c e l l s  
Exper iment 6:2
This experiment was car r ied  out to see i f  M. rffontanus c e l l s  
could be used as feeder c e l ls  fo r  cu l tu res  o f  P^ fa lciparum.
I s o l a t e s  MK, RC and AF were grown at  a 3.0% h a e m o to c r i t  i n  
w e l l s  c o n t a i n i n g  5 x 104 , 2.5 x 104 o r  1.25 x 104 montanus.  
c e l l s  i n  700 jul o f  complete medium in  a 24 w e l l  m u l t iw e l l  p late .  
I s o la te s  MK, RC and FF were also grown under the same cond i t ions 
w i t h  and w i t h o u t  1 x 106 PWCS/Well. MK was a new i s o l a t e  which 
had been c u l t u r e d  f o r  51 days p r i o r  to  the ex pe r im en t ,  RC and FF
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FIGURE 6.3 Isolate K was grown at a 3% haematocrit in 700 jul of 
complete medium in wells containing 5x104 -*3- ,2.5x10^-*- or
1.25 x l0 4 -o- RAJI cells in a 24 well m ultiw e ll plate. K was also grown 
under the same conditions both w ith -<►- and without 1x106 PWCS /w e ll. 
Each treatment was carried out in triplicate. Bars indicate spread of 
points.
FIGURE 6.4  Isolate K was grown at a 3% haematocrit in 700jul of 
complete medium in wells containing 5x1 O^-q- , 2.5x1 O^-*- or
1.25 xlO 4 -*- 143 cells in a 24 well m ultiwell plate. K was also grown 
under the same conditions both w ith and w ithou t-a- I xlO6 PWCS /w e ll. 
Each treatment was carried out in trip licate. Bars indicate spread of 
points
FIGURE 6.5 Isolate K was grown at a 3% haematocrit in 700>ul of 
complete medium in welIs containing 5x 104 -q- , 2.5x 10^-*- or
1.25 xlO 4 *®- K562 cells in a 24 well m ultiw e ll plate. K was also grown 
under the same conditions both with-*- and w ithout-*- I xlO6 PWCS/well. 
Each treatment was carried out in trip licate. Bars indicate spread of 
points
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had been maintained in  cu ltu re  fo r  approximately 4 months p r io r  to  
th e  e x p e r im e n t  and were cons ide red  to  be e s ta b l is h e d  i s o la t e s .  
Each t re a tm e n t  was c a r r ie d  ou t in  t r i p l i c a t e  and the s t a r t i n g  
p a ra s i ta e m ia s  o f  is o la te s  MK, RC and AF were 1.2?o, 1.55S and '[.1% 
r e s p e c t iv e ly .
500 jjI o f  medium from each w e l l  were rep la ced  d a i l y  and 
smears were made on days 2, 3 and 5.
Results
A l l  c u l t u r e s  w i t h  M^ m ontanus c e l l s  showed h ig h e r  
paras itaem ias  than con tro l cu ltu res  (no feeder c e l ls )  (see Figures
6.6, 6.7 and 6.8).
C u l tu re s  w i th  1 x 10^ and 5 x 10^ M. montanus c e l l s  showed 
t h e  h i g h e s t  p a r a s i t a e m ia s .  The in c re a s e  in  p a r a s i t e  
m u l t ip l i c a t io n  was most marked w ith  is o la te  RC. Cultures o f  t h is  
i s o la te  w i th  5 x 10^ M. montanus c e l ls  reached a mean parasitaemia 
o f  24.0?o on day 5 compared w i th  23.8?o in  c u l tu r e s  w i th  PWCS and 
14.4?o in  c o n t ro l  cu ltu res .
D iscussion
I t  has been shown tha t mouse PWCS can be used success fu l ly  as 
feeder c e l ls  in  cu ltu res  o f _P«_ fa lc iparum . I t  would nevertheless 
be more c o n v e n ie n t  i f  a s u i t a b le  c e l l  l i n e  cou ld  be found to  
rep lace PWCS and so dispense w ith  the need to use mice as a source 
o f  feeder c e l ls .
Three human c e l l  l in e s  mere tested as p o te n t ia l  feeder c e l ls .  
These mere chosen because they mere r e a d i ly  a v a i la b le  and grem
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FIGURE 6 .6  Isolate MK was grown at a 3% haematocrit in 700jul of 
complete mediumin wells containing 1x 105-q - , 5x 104-*- o r2 .5 x !0 4 -*- 
M. montanus cells in a 24 well multiwell plate. MK was also grown under 
the same conditions both w ith -<►- and without 1x106 PWCS/well. Bars 
indicate spread of points.
FIGURE 6 .7  Isolate FF was grown at a 3% haematocrit in 700jul of 
complete mediumin wells containing 1x10^*°' , 5x 104 or 2.5 xIO4 -»* 
M. montanus cells in a 24 well multiwell plate. MK was also grown under 
the same conditions both w ith and without -*• lx lO 6 PWCS/well. Bars 
indicate spread of points.
FIGURE 6 .8  Isolate RC was grown at a 3% haematocrit in 700ajI of 
complete mediumin wells containing 1x10^ -a- , 5x l04 or 2.5 x 104 
M. montanus ceils in a 24 well m ultiwell plate. MK was also grown under 
the same conditions both w ith and without -** 1x10^ PWCS/well. Bars 
indicate spread of points.
141
THE EFFECT 0 F HICR0TU9 MONTANUS CELLS ON THE
MULTIPLICATION RATE OF THREE ISOLATES OF P. FALCIPARUM.
FIGURE 6.6 ISOLATE MK
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w e l l  A l l r o * K562 and 143 a lso  a ttached  to  the c u l t u r e  v e s s e l 
which is  a des irab le  feature  in  a feeder c e l l .  K562, 143 and R a ji 
were not, however, e f fe c t iv e  in  promoting an increase in  p a ras ite  
g ro w th .  M az ie r  e t_  a l .  (1984) te s te d  two human hepatoma c e l l  
l i n e s  (Hep G2 and PLC PRFS), one r a t  hepatoma (Faza 967), human 
embryonic and l i v e r  f ib ro b la s ts ,  and ra t  l i v e r  e p i th e l ia l  c e l l s  as 
feeder c e l ls  fo r  cu ltu res  o f  _F\_ fa lc iparum . These c e l ls  were not 
able to  promote an increase in  paras ite  m u l t ip l ic a t io n .  From th is  
i t  i s  apparen t t h a t  no t a l l  c e l l s  are s u i ta b le  f o r  use as feede r 
c e l l s  when used under the cond it ions o f th is  experiment.
One prob lem  noted by M azier e t  a l . (1984) was t h a t  the  c e l l  
l i n e  Hep G2 (Knowles et a l . 1983) continued to grow ra p id ly  even 
when the  c e l l s  had reached con f luence  and so caused the  c u l t u r e  
medium to  become q u ic k ly  exhausted. I t  i s  l i k e l y  t h a t  t h i s  was 
a ls o  the  case w i th  R a j i ,  143 and K362 c e l l s  in  the e x p e r im e n ts  
reported  here. A l l  P^ fa lc iparum cu ltu res  w ith  these c e l l  l in e s  
in  experiment 6:1B showed an increase in  pa ras ite  numbers between 
days 0 and 3 but p a r a s i te  numbers d e c l in e d  s h a rp ly  by day 5 
suggesting th a t  the c e l l  l in e s  were continu ing to d iv ide  and were 
o u t  g ro w in g  the m a la r ia  p a ra s i te s ,  even though the  medium was 
changed d a i ly .  I t  would be in te re s t in g  to repeat t h is  work using 
R a j i ,  K562 and 143 c e l l s  which had e i t h e r  been i r r a d i a t e d  or 
chem ica lly  trea ted  ( fo r  example w ith  Mitomycin) to  prevent them 
from d iv id in g  in  cu ltu re .
M az ie r  e t  a l .  (1984) d id  s u c c e s s fu l ly  use a fe e d e r  c e l l  
la y e r  o f  rodent hepatocytes c o -cu lt iva te d  w ith  a l i v e r  e p i t h e l i a l  
c e l l  l i n e  to  promote increased m u l t ip l ic a t io n  o f  P^_ fa lc iparum  in
143
v i t r o . T h is  group suggest t h a t  in  t h e i r  system the fe e d e r  c e l l  
e f f e c t  i s  r e l a t e d  to  a f u n c t i o n  o f  f u l l y  d i f f e r e n t i a t e d  
h e p a to c y te s  as o th e r  c e l l  types  which were te s te d  were no t 
e f fe c t i v e  as feeder c e l ls .
I t  had p re v io u s ly  been shown [Brun et^_ a l .  1981] t h a t  
M ic ro tus  montanus c e l ls  could be used successfu lly  as feeder c e l ls  
fo r  the c u l t i v a t io n  o f bloodstream form trypanosomes.
When c u l tu re s  o f  P^_ fa lc iparum were grown in  the presence o f  
a feeder c e l l  la ye r  o f  montanus c e l ls  these were found to be as 
e f fe c t i v e  as PWCS in  promoting increased paras ite  m u l t ip l ic a t io n .
The mechanism by which feeder c e l l s  promote the g row th  o f  
bloodstream trypanosomes has been in v e s t ig a te d  by Tanner (1980). 
This worker reports  tha t feeder c e l ls  cannot be replaced by feeder 
c e l l  cond it ioned medium, but tha t  they can be replaced by medium 
supplemented w ith  cysteine. This is  investiga ted  in  r e la t io n  to  
PWCS in  Chapter 7.
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CHAPTER 7
The effect of medium preconditioned by peritoneal wash cells or 
supplemented with either L-cysteine or 2-mercaptoethanol on the
growth of R_ falciparum.
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In t ro d u c t io n
In  Chapter 6, the g row th  o f  P. fa lc ip a ru m  c u l tu r e s  w i th  a 
feeder c e l l  la ye r  o f  M icrotus montanus c e l ls  was described. ^Jh is  
c e l l  l i n e ,  used as a feeder c e l l  la y e r  fo r  the c u l t i v a t i o n  o f  
b lo o d s tre a m  stage trypanosomes was found to  be e f f e c t i v e  in  
prom oting an increase in  the growth o f P. fa lc iparum .
~  b  f  .
S ince M. montanus c e l l s  can rep lace  PWCS as fee d e r  c e i l s . i n  
c u l tu re s  o f  _P^  fa lc iparum  i t  may be tha t the mechanism involved in  
promoting an increase in  pa ras ite  growth is  the same in  the case 
o f  both c e l l  populations.
Feeder c e l ls  have been used in  the c u l t iv a t io n  o f  blood stage
t
trypanosomes fo r  a number o f  years and attempts have been made to 
e lu c id a te  the mechanisms involved [Tanner 1980, Duszenko et. a l.  
1985].
Tanner (1980) reports  th a t  medium pre-conditioned by feeder 
c e l l s  was i n e f f e c t i v e  in  p rom o ting  the grow th o f  trypanosom es. 
The e f f e c t  o f  PWC c o n d it io n e d  medium on the g row th  o f  P. 
fa lc ipa rum  was the re fo re  examined.
I t  has been re p o r te d  th a t  the requ irem en t o f  c u l t u r e s  o f  
bloodstream form trypanosomes fo r  feeder c e l ls  can be replaced by 
th e  s u p p le m e n ta t io n  o f  media w i th  L -c y s te in e  [Duszenko e t  a l . 
1985] o r  2 -m e rc a p to e th a n o l [ B a l t z  et__al. 1985, Duszenko et__al. 
1985]. The e f fe c t  o f  L-cyste ine or 2-mercaptoethanol supplemented 
medium on cu ltu re s  o f  P^ fa lc iparum was therefore  examined.
146
4t
Growth o f  P. fa lc iparum  w ith  PIaIC Conditioned Medium 
Experiment 7.1A
T h is  e xp e r im e n t was c a r r ie d  out to  t e s t  the e f f e c t  o f  PWC 
c o n d i t io n e d  medium on the growth o f  fa lc ip a r u m . Complete 
medium was c o n d i t io n e d  by PWCS fo r  24, 48, 72, 96 or 120 hours. 
I s o la te  FF was grown in  700 j_il a l iquo ts  o f  t h is  conditioned medium 
in  a 24 w e l l  p la te  at a 10% haematocrit. The conditioned medium 
had been s tored at -20°C p r io r  to  use.
FF was a ls o  grown in  700ju l  a l iq u o ts  o f  normal medium both 
w i th  and w ith ou t 1 and 10^ PWCS/Well. Each treatment was ca rr ied  
o u t  in  t r i p l i c a t e  and the s t a r t i n g  p a ra s i ta e m ia  o f  FF was 0.5?o. 
500 ;u l o f  medium from each w e l l  were rep la ced  d a i l y  and smears 
were made on days 3, 5 and 7.
Results
No p a r a s i te s  were found a f t e r  day 3 in  c u l tu r e s  w i th  72, 96 
or 120 hour PWC conditioned medium. The 24 and 48 hr conditioned 
medium d id  support some paras ite  m u l t ip l ic a t io n ;  these cu ltu res  
reached a mean p a ra s i ta e m ia  o f  1.3?o on day 8, but t h i s  was lo w e r  
than in  the c o n tro l cu ltu res  (normal medium, no PWCS) w ith  a mean 
p a r a s i ta e m ia  o f  3.7% and c u l tu re s  w i th  PWC's a t  7.1 ?o (see F igu re  
7 .1 ) .
Experiment 7:1B
Is o la te  FF was grown under the same cond it ions as described 
above excep t t h a t  the c o n d it io n e d  medium was d i lu t e d  1:1 or 1:3 
w i th  normal complete medium.
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F IGURE 7.1 THE EFFECT OF PWC CONDITIONED MEDIUM
[STORED A T -20  C BEFORE USE ] ON THE MULTIPLICATION RATE OF
ISOLATE AF.
2 -
1 086420
DAYS
Isolate FF was grown at a 10% haematocrit in a 24 well m ultiwell plate in 
700jul aliquots of medium which had been conditioned by PWCS for 24 ,
48-o- , 72 -o- , 96 -*• or 120-0- hours, FT was also grown under the 
same conditions w ith normal medium both with -a- and without -*■ 1x10^ 
PWCS/ well. Each treatment was carried out in triplicate. Bars indicate 
spread of points.
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Result
A l l  c u l tu re s  w ith  conditioned medium supported some paras ite  
m u l t i p l i c a t i o n ,  (see F igu res  7.2 and 7.3). A l l  these c u l t u r e s ,  
how ever, had lo w e r  p a ra s i ta e m ia s  by day 7 than c u l t u r e s  w i th  
normal medium or PWCS.
Experiment 7.1C
In th is  experiment the e f fe c t  o f medium condit ioned by PWCS 
fo r  24 hours immediate ly preceeding use was tested on the growth 
o f  Pj_ fa lc ipa rum .
Is o la te  FF was grown at a 5% haematocrit in  w e lls  conta in ing  
500 jjI  o f  com ple te  medium both w i th  and w i th o u t  1 and 10^ 
PWCS/well. FF was also grown under the same cond it ions  w ith  the 
f re s h ly  prepared PWC conditioned medium. 450 ju l o f  medium from 
each w e l l  were replaced d a i ly  and smears were made on 2, 3, 5 and 
7.
Result
Medium c o n d i t io n e d  by 24 hours im m e d ia te ly  p reced ing  use, 
p rom oted  a mean p a ra s i ta e m ia  o f  6.5% on day 7 wh ich was h ig h e r  
than c o n t ro l  c u l tu re s  a t 3.3%, th is  conditioned medium was however 
le s s  e f e c t i v e  than PWCS them selves which promoted a mean 
paras itaem ia  o f  9.2% on day 7 (see Figure 7.4)
149
F16UBE-1 ^2  THE EFFECT OF PWC CONDITIONED MEDIUM DILUTED
1:1 WITH NORMAL MEDIUM ON THE MULTIPLICATION RATE OF
ISOLATE FF.
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Isolate FF was grown at a 10% haematocrit in a 2 4  well m ultiwell plate in 
700 j u I  aliquots of medium which had been conditioned by PWCS for 2 4 * * -  ,  
48 ■**“ , 72 , 96 or 120 -a- hours and diluted 1:1 w ith normal
medium. rF  was also grown under the same conditions w ith normal 
medium both w ith -a- and without 1x10^ PWCS/ well. Each treatment 
was carried out in triplicate. Bars indicate spread of points.
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F IGURE 7.3 THE EFFECT OF PWC CONDITIONED MEDIUM DILUTED
3:1 WITH NORMAL MEDIUM ON THE MULTIPLICATION RATE OF
ISOLATE FF.
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Isolate FF was grown at a 10% haematocrit in a 24 well m ultiwell plate in 
700jul aliquots of medium which had been conditioned by PWCS for 24**- , 
48-o- ,72-*- ,9 6 -* - or 120 hours and diluted 3:1 w ith normal 
medium, FF was also grown under the same conditions w ith normal 
medium both w ith -&■ and w ithout-*- 1x10^ PWCS/well. Each treatment 
was carried out in triplicate. Bars indicate spread of points.
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FIGURE 7 .4  THE EFFECT OF FRESHLY PREPARED PWC CONDITIONED
MEDIUM ON THE MULTIPLICATION RATE OF ISOLATE AF.
8 -
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Isolate FF was grown at a 5% haematocrit in 500jul of complete medium 
both with-o* and without-*- IxlO6 PWCS/well in a 24 well multiwell 
plate. FF was also grown without PWCS in 500jjI of freshly prepared PWC 
conditioned medium. -♦*
Each treatment was carried out in triplicate. Bars indicate spread of 
points.
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The grow th o f  P. fa lciparum w ith  L. cysteine supplemented medium 
Experiment 7.2A
Is o la te  AF was grown at a 10% haemotocrit in  w e lls  conta in ing 
200 )j1 o f  com p le te  medium supplemented w i th  24, 12, 6, 3 or 1.5 
' L -cys te in e  in  a 96 w e ll m ic ro t i t r e  p la te . AF was also grown 
under the same cond it ions in  normal complete medium and also in  
medium con ta in in g  2 and 10^ PWCS/ml. The L -cys te ine  supplemented 
medium was p repa red  on day 0 s to red  a t 4°C, and used th ro ugho u t 
the experiment.
Each trea tm ent was carr ied  out in  t r i p l i c a t e  and the s ta r t in g  
pa ras itaem ia  o f  AF was 0.8%. 150 ju l o f medium from each w e ll  were
re p la c e d  eve ry  12 hours and smears were made on days 2, 3, 4 and 
5. The experiment was repeated using is o la te  API w ith  a s ta r t in g  
pa ras itaem ia  o f  0.2%.
Result
A l l  c u l t u r e s  grown in  medium supplemented w i th  L -c y s te in e  
showed less  p a ras ite  growth than cu ltu res  w ith  PWCS on day 5 (see 
F ig u re s  7.5 and 7.6). Media supplemented w i th  3 and 6 mg/1 L- 
cys te ine  supported parasitaemias o f  0.94% and 0.77% r e s p e c t iv e ly  
on day 5 ( Is o la te  AF1 Figure 7.6) which were s l i g h t l y  higher than 
c o n t r o l  c u l t u r e s  a t 0.72%. Only those c u l t u r e s  o f  FF grown in  
medium supplemented w ith  1.5 mg/1 L-cyste ine showed more paras ite  
g ro w th  than  c o n t r o l  c u l tu re s  on day 5, however, on day 2 medium 
supplemented w i th  3 mg/1 L-cyste ine supported a mean parasitaemia 
o f  1.6% which was greater than cu ltu res  w ith  PWCS at 1.2%.
FIGURE 7.5 THE CULTIVATION OF ISOLATE AF IN MEDIUM
SUPPLEMENTED WITH L-CYSTEINE.
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Isolate AF was grown in a 96 well m icrotitre plate at a 10% haematocrit 
in 200)j] aliquots of complete medium supplemented w ith  2 4 *  , 1 2 *  ; 
6 o   ^ 3 *  or 1.5 *  mg/1 L cysteine . This medium was prepared on day 
0 and used throughout the experiment. AF was also grown under the same 
conditions in normal medium both with -o- and w ith o u t*  2x10
PWCS/ml. E a c h  treatment was carried out in trip lica te  . Bars indicate
spread of points.
FIGURE Z .6 , THE CULTIVATION OF ISOLATE API IN MEDIUM
SUPPLEMENTED WITH L-CYSTEINE.
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isolate API was grown in a 96 well m icrotitre plate at a 10% haematocrit 
in 200jul aliquots of complete medium supplemented w ith 24 , 12-*-,
6 -o-, 3 or 1.5 -o* mg/1 L cysteine. This medium was prepared on day 
0 and used throughout the experiment API was also grown under the same 
conditions in normal medium both w ith -o* and without-a- 2x 10 
PWCS/ml. Each treatment was carried out in trip licate . Bars indicate 
spread of points.
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Experiment 7.2B
I s o la te  BG was grown at a 10% haematocrit in  w e lls  conta in ing  
200 »1 of complete medium supplemented w ith  0.75 mg/1 L-cys te ine  
in  a 96 w e l l  m i c r o t i t r e  p la te  fo r  6 hours. The medium was then 
removed and replaced w ith  medium supplemented w ith  24, 12, 6, 3 or 
1.5 mg/1 L -cys te ine .
BG was a ls o  grown in  normal com plete medium and in  medium 
con ta in in g  2 >4, 106 PWCS/ml.
Each trea tm ent was carried out in  t r i p l i c a t e  and the s ta r t in g  
pa ras itaem ia  o f  BG was 0.8%. 150 ju l o f  medium from each w e l l  were
replaced every 12 hours and the L-cyste ine supplemented medium was 
f re s h ly  prepared immediately before use.
The experiment was repeated using is o la te  RB w ith  a s ta r t in g  
pa ras itaem ia  o f  1.0%
Result
A l l  c u l t u r e s  w i th  L -c y s te in e  supplemented medium supported 
h ig h e r  p a ra s i ta & m ia s  than c o n t r o l  c u l tu r e s  on day 6, excep t 
c u l tu re s  o f  BG w ith  24 mg/1 supplemented medium (see Figures 7.7 
and 7.8).
2 mg/1 L -c y s te in e  appears to  be the o p t im a l  c o n c e n t ra t io n  
supporting  a mean parasitaemia o f 4.5% in  cu ltu res  o f BG compared 
w i t h  6.4% in  c u l tu r e s  w i th  PWCS. In  c u l tu r e s  o f  RB medium 
c o n ta in in g  3 mg/1 L -c y s te in e  supported a mean p a ra s i ta e m ia  o f  
13.3% which was higher than cu ltu res  w ith  PWCS at 8.6%.
i JU
FIGURE 7 .7  THE CULTIVATION OF ISOLATE BG IN MEDIUM
SUPPLEMENTED WITH L-CYSTEINE AT 12 HOUR INTERVALS.
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Isolate BG was grown In a 96 well m icro titre  plate at a 10% haematocrit 
in 200juI aliquots of complete medium supplemented w ith 24 , l2-»- ,
6-^- , 3-«* or 1.5 -D- mg/1 L cysteine. This medium was freshly prepared 
every 12 hours immediately before use. BG was also grown under the same 
conditions in normal medium both w ith -®- and without-*- 2x106 
PWCS/ml. Each treatment was carried out in trip lica te  . Bars indicate 
spread of points.
S W ^ F M ^ t JLHu CULT,VAT,on  of ISOLATE RB IN MEDIUM
te d  w ith  l - c y s te in e  a t  12 h o u r in t e r v a ls .
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Isolate RB was grown in a 96 well m icrotitre plate at a 10% haematocrit 
in 200jul aliquots of complete medium supplemented w ith 24 , 1 2 * ,
6 , 3 or 1.5 -o- mg/1 L cysteine. This medium was freshly prepared
every 12 hours immediately before use.. RB was also grown under the 
same conditions in normal medium both with-e- and without -*• 2x 10^ 
PWCS/ml. Each treatment was carried out in trip licate . Bars indicate 
spread of points.
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Growth o f  P. fa lc iparum  w i th  2-Mercaptoethanol Supplemented Medium 
Experiment 7.3A
Is o la te  AF was grown at a 10% haematocrit  in  w e lls  con ta in ing  
200 ,ul o f  complete medium supplemented w ith  5 x 10” ^, 1 x 10“ ^, 5 
x 10 , 1 x 10 5 x 10 ^ or 1 x 10 ^ m o la r 2 -m e rc a p to e th a n o l
(2-ME) in  a 96 w e l l  m ic r o t i t r e  p la te .  AF was also grown under the 
same c o n d i t io n s  in  norm a l c om p le te  medium and a ls o  in  medium 
c o n ta in in g  2 x 10^ PWCS/ml. Each t re a tm e n t  was c a r r ie d  ou t in  
t r i p l i c a t e  and the s ta r t in g  parasitaem ia o f  AF was 0.5%.
The 2-ME supp lem ented medium was prepared  on day 0 and was 
used throughout the experiment. 150 jul o f  medium from each w e l l  
was replaced d a i ly  and smears were made on days 2, 3, 6 and 7.
The experiment was repeated using is o la te  AF w ith  a s ta r t in g  
pa ras itaem ia  o f  0.5%.
*
Results
The 2-ME supp lem ented medium d id  no t prom ote a s u s ta in e d  
in c re a s e  in  the  g row th  o f  i s o l a t e  AF (F ig u re s  7.9 and 7.10). 
C u ltu res  grown in  medium con ta in ing  1 x 10 ^ and 5 x 10 ^ molar 2- 
ME (see F igure 7.9) supported mean parasitaemias o f  0.1% on day 7, 
w h i le  c u l tu re s  w ith  1 x 10~6mcW l-ff\£ supported a paras itaem ia o f  
0.03%, compared w i th  10.1% in  c u l t u r e s  w i th  PWCS and 0.3% in  
c o n t ro l  c u l tu re s  (normal medium no PWCS).
A s i m i l a r  p a t te rn  was observed when the  e xp e r im e n t  was 
repeated using is o la te  AF (F igure 7.10)
FIGURE 7-9 THE CULTIVATION OF ISOLATE AF IN MEDIUM
SUPPLEMENTED WITH 2 MERCAPTOETHANOL.
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Isolate AF was grown in a 96 well m icrotitre  plate at a 10% haematocrit 
in 200 jul aliquots of complete medium supplemented w ith 5 x l0 ” 4 
1 x 1 0 - ^ 5 x 1 0 - ^  Ix lO "5 5x 10~6 -o - or 1 x 10“ 6 molar 
2- mercaptoethanol. This medium was prepared on day 0 and used 
throughout the experiment. AF was also grown under the same conditions 
in normal medium both with-ej- and w ithout-*- 2x10^ PWCS/ml. Each 
treatment was carried out in trip lica te  Bars indicate spread of points.
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FIGURE 7.10 THE CULTIVATION OF ISOLATE AF IN MEDIUM
SUPPLEMENTED WITH 2 MERCAPTOETHANOL.
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isolate AF was grown in a 96 well m icrotitre plate at a 10% haematocrit 
in 200 jul aliquots of complete medium supplemented w ith Ix lO '4 -*- 
5x10"5 -*- Ix lO -5 -*- 5xl0~6 -*- lx lO "6 -a-or x l0 ~ 7 -*- molar 
2- mercaptoethanol. This medium was prepared on day 0 and used 
throughout the experiment. AF was also grown under the same conditions 
in normal medium both w ith -a- and without-a - 2x10^ PWCS/ml. Each 
treatment was carried out in trip licate . Bars indicate spread of points.
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Experiment 7.3B
In  t h is  experiment the 2-ME supplemented medium was f re s h ly  
p repa red  eve ry  24 hours im m e d ia te ly  b e fo re  use. I s o la t e  RC was 
grown as d e s c r ib e d  above w i th  a s t a r t i n g  p a ra s i ta e m ia  o f  0.5%. 
150 xjI  o f  medium from each w e l l  were replaced every 24 hours.
Results
A l l  th e  2-ME supplem ented media suppo rted  some p a r a s i t e  
growth on day 6 (see Figure 7.11). Medium con ta in ing  1 x 10"rn ^ o r2 -  
ME supported the most p a ras ite  growth w ith  a mean paras itaem ia o f  
1.5% on day 6 fo llow ed by 1 X 10“mcWand 5 x  1OmcLrmedium, both 
w i th  mean parasitaemias o f  0.7%. These were h igher than c o n t ro l  
c u l tu re s  (normal medium, no PWCS ) at 0.6%. Medium supplemented 
w i t h  5 x 10~^, 1 x 10"^ and 5 x 107™^ 2-ME a l l  supp o rted  le s s  
p a ra s i te  growth than co n tro l c u l tu re s  on day 6.
Experiment 7.3C
In ' th is  experiment the 2-ME supplemented medium was f re s h ly  
prepared every 12 hours immediate ly before use.
I s o la t e  API was grown as d e s c r ib e d  above w i th  a s t a r t i n g  
p a r a s i ta e m ia  o f  0.4% and 1 5 0 ju l  o f  medium from each w e l l  were 
replaced every 12 hours.
Result
C u ltu res  o f  API w ith  2-ME supplemented medium, d id , w ith  the 
exception o f  1 x 10“4lacmedium, achieve higher parasitaem ias than
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S ifp r n F M p ii l r n  ™ E C U L T ,V A T I0 N  OF ISOLATE RC IN MEDIUM
MENTED W ITH  2 MERCAPTOETHANOL AT 2 4  HOUR INTERVALS.
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Isolate RC was grown In a 96 well m icrotitre plate at a 10% haematocrit 
in 200jul aliquots of complete medium supplemented w ith  5 x l0 '4 
1x1 O '4 -*- 5x1 O '5 Ix lO "5 -** 5x1 O'6 -o- or 1x1 O '6 -*- molar 
2- mercaptoethanol. This medium was prepared every 24 hours 
immediately before use. RC was also grown under the same conditions in 
normal medium both w ith -a- and without -a - 2x 106 PWCS/ml. Each 
treatment was carried out in trip licate . Bars indicate spread of points.
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c o n t ro l  c u l tu re s  on day 5 (see Figure 7.12). Medium con ta in ing  5 
x 10 5 and 1 x 10"rmlor2 - ME s upp o r ted  a p a ra s i ta e m ia  o f  0.8355, bu t 
t h i s  was s t i l l  lo w e r  than c u l t u r e s  c o n ta in in g  PWCS w i th  a mean 
paras itaem ia  o f  1.4515 on day 5.
Discussion
PWC cond it ioned  medium which had been frozen and stored a t -  
20 C before use was not e f fe c t iv e  in  promoting an increase in  the 
m u l t i p l i c a t i o n  r a te  o f  P. f a lc ip a r u m . Medium wh ich  had been in  
con tac t w i th  PWCS fo r  24 hours immediate ly before use was however 
a b le  to  s t im u la t e  some in c re a s e  in  p a ra s i te  m u l t i p l i c a t i o n ,  
a lthough th is  was less than th a t  which was promoted by PWCS.
T anne r (1980 )  a ls o  fo u n d  t h a t  m am m alian  f i b r o b l a s t  
c o n d i t io n e d  medium would no t su p p o r t  the g row th  o f  b loods tream  
form trypanosomes.
These f in d in g s  do, however, con tras t w ith  those o f  Mazier e t 
a l . (1984) who observed t h a t  medium c o n d i t io n e d  by ro d e n t  
hepatocytes gave F\_ fa lc iparum  m u l t ip l ic a t io n  ra tes  only s l i g h t l y  
i n f e r i o r  to  those  in  c u l t u r e s  w i th  roden t hep a to cy te s  as feede r 
c e l l s  even when the  medium had been frozen  b e fo re  use. Th is  
sugges ts  t h a t  d i f f e r e n t  mechanisms are in v o lv e d  in  p ro m o t in g  
increased p a ra s i te  growth in  each system.
I s h i i  e t  a l .  (1981) repo r t  th a t  mouse lymphoma c e l ls  (L1210) 
w i l l  grow in  the  presence o f  a feede r c e l l  la y e r  o f  IMR90 c e l l s .  
W ith o u t  IMR90 c e l l s  the L1210 c e l l s  do not grow and t h e i r  
v i a b i l i t y  decreases ra p id ly .  These workers have also shown th a t  
c u l t u r e  medium which had been in  co n ta c t  w i th  IMR90 c e l l s  f o r
vIm TCH L/ h ^ d J 0F ,S0LATE A P I IN MEDIUM 
INTERVALS MERCAPTOETHANOL AT 12 HOUR
FIGURE 7.12
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Isolate API was grown in a 96 well m icrotitre plate at a 10% haematocrit 
in 200 jul aliquots of complete medium supplemented w ith 
Ix lO - 4 -*- 5x l0~5 -o- Ix lO "5 -©- 5xl0~6 -*- or Ix lO "6 -o- molar 
2- mercaptoethanol. This medium was prepared every 12 hours 
immediately before use. API was also grown under the same conditions 
in normal medium both w ith-** and without-*- 2 x l0 6 PWCS/ml. Each 
treatment was carried out in trip licate . Bars indicate spread of points.
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between 3 and 24 hours under norm al c u l t u r e  c o n d i t io n s  had a 
s l i g h t  bu t s i g n i f i c a n t  e f f e c t  on p ro m o tin g  th e  g row th  and 
v i a b i l i t y  o f  L1210 c e l ls .  This e f fe c t  was improved by increas ing  
the t im e  o f  co n d it io n in g .  However when the medium was stored at 
4°C f o r  1 day i t  no lo n g e r  had a s t im u la t o r y  e f f e c t  on the  L1210 
c e l l s .  These f in d in g s  are s i m i l a r  to  those observed w i th  PWC 
cond it ioned  medium and cu ltu re s  o f  P. fa lc ipa rum .
I s h i i  e t  a l . (1981) suggest t h a t  IMR 90 c e l l s  a re  p rodu c ing  
a growth and/or v i a b i l i t y  fa c to r  and th a t  t h is  fa c to r  i s  unstable, 
t h is  would a lso appear to  be the case w ith  PWCS.
L1210 c e l ls  were not e a s i ly  adapted to c u l tu re ,  but they were 
s u c c e s s f u l l y  e s ta b l is h e d  ijn v i t r o  w i th o u t  fe e d e r  c e l l s  us ing  
medium supplemented w ith  1mM L-cyste ine  and 0.3mM 1/2 L -cys te ine  
[D ix o n  e t  a l . 1966]. Broome and Jeng (1972) a ls o  c u l t u r e d  L1210 
c e l l s  in  the medium o f  Balk (1971) and discovered th a t  the growth 
promoting component o f  the medium was cysteine.
Duszenko et a l . (1985) have also found th a t  the requirement 
o f  bloodstream form trypanosomes fo r  feeder c e l ls  can be replaced 
by medium supp lem ented w i th  L -c y s te in e .  When c u l t u r e s  o f  P. 
fa lc ipa rum  were grown in  medium supplemented w ith  L -cys te ine  at 12 
hour in te r v a ls  an increase in  pa ras ite  growth was observed. The 
c o n c e n t r a t io n  o f  L - c y s te in e  which promoted o p t im a l  p a r a s i te  
m u l t i p l i c a t i o n  was 2.0 x 10molar'which i s  c lo se  to  the  c y s te in e  
concen tra t ion  in  human serum at approximately 1.3 x 10 [Brigham 
e t  a l . 1960]. T h is  ev idence suggests  t h a t  one r o le  o f  PWCS as 
feeder c e l l  i s  to  supply L-cyste ine. This hypothesis is  supported 
by the observa tion  th a t  the growth o f  L1210 c e l ls  can be promoted
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mouse p e r i to n e a l macrophages [Nathan and Terry 1975, I s h i i  et. a l.  
1981] in d ic a t in g  th a t  these feeder c e l ls  can supply the L -cys te ine  
r e q u i r e d  by the  L1210 c e l l s .  F u r th e r  ev idence  i s  p ro v id e d  by 
I s h i i  e t  a l . (1981) who have a ls o  shown t h a t  mouse p e r i t o n e a l  
macrophages produce t h io l s  _in v i t r o .
Under s ta n d a rd  c u l t u r e s  c y s te in e  i s  r a p id l y  o x id is e d  to  
c y s t  in e .  Toohey (1975) has shown t h a t  2.5 x 1 c y s t e i ne  in  
MEM is  ox id ised  to  cys t ine  w i th in  4 hours.
Duszenko e t a l.  (1985) have shown th a t  trypanosomes can only 
u t i l i z e  cys te ine  and not cys t ine . I s h i i  et_ _al. (1981) found th a t  
when c y s t in e  was added to  c u l tu re  medium under the same cond it ions  
as c y s te in e  no g row th  p ro m o t in g  e f f e c t  on L1210 c e l l s  was 
observed.
I t  would appear th a t  cyste ine  is  able to  promote an increase 
in  c e l l  g ro w th  bu t  i s  no lo n g e r  ab le  to  do so when o x id is e d  to  
c y s t in e .
T h is  wou ld  e x p la in  why c o n d i t io n e d  medium wh ich  had been 
s to re d  b e fo re  use was no t ab le  to  promote in c re a s e d  p a r a s i te  
g ro w th  and why c y s te in e  supplemented medium was only e f fe c t iv e  
when f re s h ly  prepared every 12 hours.
Duszenko _et_ a l .  (1985) found t h a t  the  a d d i t io n  o f  2- 
mercaptoethanol (2ME) to  c u l tu re  medium would a l low  the growth o f  
t rypanosom es w h i le  Broome & Jeng (1973) and I s h i i  e t  a l . (1981) 
r e p o r t  t h a t  L1210 c e l l s  w i l l  a ls o  grow w i th o u t  feede r c e l l s  in  
medium c o n ta in in g  2ME.
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Nathan & T e r r y  (1975) showed t h a t  the DNA s y n t h e s i s  o f  a 
number o f  murine lymphomas was s t im u la ted  in  v i t r o  by normal mouse 
p e r i t o n e a l  macrophages and t h a t  these  lymphomas c o u ld  a ls o  be 
s t im u la te d  by 2ME.
When 2ME was added to  c u l t u r e  medium, i t  was found to  be 
less  e f f e c t i v e  than cyste ine or PWC's in  promot ing the growth o f  
P. f a lc ip a ru m .
When medium c o n t a i n i n g  2-ME was prepared on day 0 and used 
t h ro u g h o u t  th e  e x p e r im e n t  the g row th  o f  P. f a l c i p a r u m  over  the 
f i r s t  2-3 days was g r e a t e r  than i n  c o n t r o l  c u l t u r e s ,  however, 
pa ras i te  growth decl ined ra p id ly  a f t e r  2-3 days. This dec l ine in  
p a r a s i t e  g ro w th  d id  not  occur  when medium c o n t a i n i n g  2ME was 
prepared immedia te ly  before use. The e f fe c t  o f  2ME supplemented 
medium was no t  in c re a s e d  when the medium was f r e s h l y  prepared 
eve ry  12 hours  r a t h e r  than every 24 hours as was the  case w i t h  
c y s t e i n e  supp lem en ted  medium. Th is  may be due to  the  f a c t  t h a t  
cys te ine  has a h a l f  l i f e  of' only 2 hours un l ike  tha t  o f  2ME which 
i s  40 hours .
Duszenko _et_ a l .  (1985) suggest tha t  2ME susta ins the growth 
o f  trypanosomes by reducing cys t ine  to cysteine.
Ohmori  & Yamamato (1982) have re p o r te d  t h a t  c y s t i n e  was 
incorpora ted  i n t o  murine lymphocytes 5 to 6 t imes more s low ly  than 
c y s t e i n e  b u t  t h a t  the  r a te  o f  c y s t i n e  uptake was a c c e le r a te d  i n  
th e  p resence o f  2ME. I s h i i  e t  a l . (1981) have So^cjestecl U^at
one r o l e  o f  2-ME i s  to  f a c i l i t a t e
t ik e , o p  o f 1 C y  3-f^y ru2_,
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2ME was found to  be less e f fe c t i v e  in  promoting the growth o f  
P* f a l c i p a r u m  than o f  o th e r  c e l l  types .  I t  may be t h a t  the 
concen t ra t ion  o f  cys t ine  in  the RPMI (0.19mM) i s  not the optimum 
r e q u i r e d  f o r  the  r e a c t i o n  w i t h  the amount o f  2ME added to  the 
medium.
I t  has been shown t h a t  L1210 c e l l s  [ I s h i i  _et_a l .  1981] and 
trypanosomes [Duszanko et_ a l .  1985] can be c u l t i v a te d  in  normal 
medium in  the presence o f  feeder c e l l s  or w i thou t  feeder c e l l s  in  
medium supp lemented  w i t h  c y s te in e ,  S ugges t ing  t h a t  the feeder  
c e l l s  may be p rov id ing  cyste ine in  v i t r o .
Mouse p e r i to n e a l  macrophages have been shown to  act  as feeder 
c e l l s  f o r  L1210 c e l l s  [Nathon & Terry  1975, I s h i i  e t  a l . 1981] 
and f o r  c u l t u r e s  o f  P. f a l c i p a r u m , and i n  bo th  o f  these systems 
can be rep laced by the add i t ion  o f  cysteine supplemented medium at 
12 hour  i n t e r v a l s .  The evidence i n d i c a t e s  t h a t  c y s t e in e  i s  a t  
l e a s t  one o f  the fac to rs  provided by PWCS which i s  respons ible fo r  
promot ing an increase in  paras i te  growth.
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Discussion
A major advancement in  the f i e l d  o f  ma la r ia  research has been 
the development o f  the technique by Trager & Jensen (1976) fo r  the 
long term in  v i t r o  c u l t i v a t i o n  o f  the asexual e r y th ro c y t i c  stages 
o f  P» fa lc ipa rum . Most iso la tes ,  however, grow poor ly  dur ing the 
f i r s t  weeks o f  c u l t i v a t i o n  and o n ly  some can be s u c c e s s f u l l y  
e s t a b l i s h e d  i n  c u l t u r e  [Chin  & C o l l i n s  1980, T rager  & Jensen 
1976].
I t  i s  now w e l l  documented  t h a t  n a t u r a l  e r y t h r o c y t i c  
i n f e c t i o n s  o f  P. f a l c i p a r u m  are m ix tu re s  o f  g e n e t i c a l l y  d i v e rs e  
pa ra s i te s  [Reviewed by W a l l ike r  1983]. I t  would seem l i k e l y  t h a t  
when an i s o l a t e  i s  s low to  adapt to  c u l t u r e ,  a c e r t a i n  amount o f  
s e l e c t i o n  i s  t a k i n g  p lace  and on ly  a p r o p o r t i o n  o f  the o r i g i n a l  
p a ra s i te  popu la t ion  i s  able to  make the t r a n s i t i o n  to continuous 
growth _in v i t r o . There i s  considerable evidence to  support t h i s ,  
a number o f  workers having shown tha t  the pa ras i te  populat ion does 
undergo c e r ta in  changes dur ing cont inuous cu l tu re .  Rosario (1981) 
has repor ted changes in  the enzyme pat te rns  o f  an is o la te  w i th in  
the f i r s t  2 weeks o f  _in v i t r o  c u l t i v a t i o n .  Reports o f  changes in  
the s u s c e p t i b i l i t y  o f  cu l tured paras i tes  to a n t im a la r ia l s  and the 
a b i l i t y  o f  p a r a s i t e s  to  develop i n t o  gametocytes  have a lso  been 
made [Jensen et_ a l . 1981, Ponnudurai et_ a l . 1982]. Langreth e^_ 
a l . (1979) observed the lo s s  o f  knob s t r u c t u r e s  f rom i n f e c t e d  
e ry th rocy tes  dur ing in  v i t r o  c u l t i v a t i o n .  This has been shown to  
c o r re la te  w i th  the loss o f  the property o f  cytoadherence o f  PRBCS 
to  human e n d o th e l ia l  c e l l s  [Udeinya et a l . 1983], or amelanot ic 
melanoma c e l l s  [Schmidt et a l .  1982].
The loss  o f  the property o f  cytoadherence i s  important as i t
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im p l ie s  th a t  the paras i tes  studied and cu l tu red  _in v i t r o  are those 
most ab le  t o  adapt  t o  l i f e  j l t i  v i t r o  under s tanda rd  c u l t u r e  
c o n d i t io n s ,  ra th e r  than those which may predominate in  the na tu ra l  
h o s t .  The c o n s e r v a t i o n  o f  the e n t i r e  p a r a s i t e  p o p u la t i o n  i s  an 
i m p o r t a n t  aim i f  f a l c i p a r u m  c u l t u r e s  are to  be used f o r  
b i o c h e m i c a l  a n a l y s i s ,  f o r  d rug  s c r e e n i n g  o r  f o r  a n t i g e n  
p roduc t ion .
I t  has been demonstra ted  here t h a t  the  presence o f  a feeder  
c e l l  l a y e r  o f  mouse PWCS p ro m o te s  i n c r e a s e d  p a r a s i t e  
m u l t i p l i c a t i o n  r a te s  i n  new and e s t a b l i s h e d  i s o l a t e s  o f  P. 
f a lc ip a ru m . The increase in  paras i te  m u l t i p l i c a t i o n  ra te  i s  due 
t o  an i n c r e a s e  i n  the number o f  PRBCS, r a t h e r  than due to  the  
d e s t r u c t i o n  o f  n o n - i n f e c t e d  RBCS by PWCS, o r  t h r o u g h  t h e  
spon taneous  l y s i s  o f  RBCS in  c u l t u r e s  which cou ld  have g iven a 
f a l s e  impression  o f  an increasing parasi taemia.
The e f f e c t  o f  PWCS on paras i te  p r o l i f e r a t i o n  was most marked 
w i t h  new i s o l a t e s .  The use o f  feeder  c e l l s  a l l o w s  some new 
i s o la t e s  o f  P. fa lc iparum to be estab l ished more re a d i l y  _in v i t r o . 
Of 13 i s o la t e s  tested,  only 4 could not be es tabl ished in  cu l tu re  
w i t h  PWCS, and 3 o f  these i s o l a t e s  were taken from p a t i e n t s  who 
had been t re a te d  w i th  a n t im a la r ia l s  p r i o r  to blood c o l l e c t i o n  and 
so the pa ras i tes  may have already been k i l l e d  by the drug*
These f in d in g s  agree w i th  those o f  Mazier e t  a l .  (1984) who 
r e p o r t  t h a t  ou t  o f  9 new i s o l a t e s  t e s te d ,  on ly  3 cou ld  be 
e s t a b l i s h e d  under s tandard  c u l t u r e  c o n d i t i o n s  whereas a l l  9 
i s o l a t e s  grew r e a d i l y  i n  the presence o f  a feeder  c e l l  l a y e r  o f
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rodent  hepatocytes. P h i l l i p s  et  a l . (1987) also repor t  tha t  new 
i s o l a t e s  o f  P^  / a l c i p a r u m  adapt t o  c u l t u r e  more r e a d i l y  i n  the 
p resence  o f  a feede r  c e l l  l a y e r  o f  human p e r i p h e r a l  mononuclear  
c e l l s  (PBMNS).
The f a s t e r  a d a p ta t i o n  o f  f a l c i p a r u m  to  c u l t u r e  i n  the
p resence  o f  feede r  c e l l s  may be due to  an inc reased  number o f  
i n d i v i d u a l  pa ras i tes  adapting to  cu l tu re  cond i t ions  (suggested by 
Mazier e t  a l . 1984). A l t e rn a t i v e l y  the presence o f  a feeder c e l l  
l a y e r  may increase the m u l t i p l i c a t i o n  ra te  o f  the paras i tes which 
w ou ld  n o r m a l l y  have adapted anyway. To e x p lo re  the  f i r s t  
p o s s i b i l i t y  i s o la t e  RC was examined before cu l tu re  and a f te r  141 
days in  c u l t u r e  w i th  or w i thout  PWCS, using a bank o f  monoclonal 
an t ib o d ie s  (McAbs) to P^ fa lc iparum in  an IFAT tes t .
The McAbs were prepared by McBride e t  a l . (1982) a g a in s t  2 
P. f a l c i p a r u m  i s o l a t e s  f rom T ha i la nd  (K1 and PB1) and they have 
s u b s e q u e n t l y  been used to  dem ons t ra te  c o n s id e ra b le  a n t i g e n i c  
d i v e r s i t y  b e tw e e n  and w i t h i n  i n d i v i d u a l  i s o l a t e s  o f  P. 
fa lc ipa rum  [McBride et  a l . 1982, 1985].
The immunofluorescence te s t  was ca r r ied  out when RC was f i r s t  
i s o l a t e d  f rom a p a t i e n t .  P a ra s i t e s  i n  the  o r i g i n a l  i s o l a t e  
reacted w i th  2 McAbs which recognise schizont ant igens o f  200 kDa 
(13.1 and 12.14) and a ls o  w i t h  a McAb (9.2I) wh ich recogn ises  a 90 
kDa p a r a s i t e  a n t ig e n .  A f t e r  141 days i n  c u l t u r e  w i t h  PWCS the 
p a r a s i t e s  s t i l l  r eac ted  w i t h  McAbs 13.1 and 12.1, but  not w i t h  
9.21. The pa ras i tes  which had been cu l tu red  wi thout  PWCS did not 
r e a c t  w i t h  any o f  these McAbs, i n d i c a t i n g  t h a t  the p a r a s i t e
173
popu la t ions  expressing the ant igens recognised by these McAbs had 
e i t h e r  been l o s t  or  had decreased i n  number so t h a t  they  were no 
l o n g e r  d e t e c t a b l e  i n  the IFAT t e s t .  In  c o n t i n u i n g  s t u d ie s  i t  
would be o f  i n t e r e s t  to  examine ant igen s l ides  which were prepared 
f rom  c u l t u r e s  o f  i s o l a t e  RC a f t e r  i t  had been m a in ta in e d  i n  
c u l t u r e  f o r  v a r i o u s  p e r io d s  o f  t im e  to  de te rm ine  a p p ro x im a te ly  
when the pa ras i tes  expressing these ant igens were lo s t .
The ev idence  p resen ted  here s upp o r ts  the  o p t io n  t h a t  PWCS 
a l l o w  the  s u r v i v a l  o f  more p a r a s i t e  t ypes  from the  o r i g i n a l  
i s o l a t e  lead ing  to  increased d i v e r s i t y  w i t h in  cu l tu res .  Although 
more p a r a s i t e s  may s u r v i v e  the  i n i t i a l  i s o l a t i o n  process i n  the 
p resence  o f  PWCS, i t  may be, however,  t h a t  f a s t e r  g row ing  l i n e s  
may then out grow l i n e s  which grow more s low ly  _iri v i t r o . Taking 
t h i s  l a s t  p o i n t  i n t o  c o n s i d e r a t i o n  an a t te m p t  was made to  c lone 
p a ra s i te s  d i r e c t l y  from an in fec ted  blood sample, or a f t e r  a shor t  
c u l t i v a t i o n  per iod,  using a feeder c e l l  laye r  o f  PWCS.
The r e s u l t s  o b ta ined  when new i s o l a t e s  were c loned in  the 
p resence  o f  a feede r  c e l l  l a y e r  o f  PWCS were v a r i a b l e ,  but  when 
c l o n i n g  was ach ieved  the presence o f  PWCS appeared to  g r e a t l y  
increase c lon ing  e f f i c ie n c y .  In experiments where no clones were 
p roduced i t  was l a t e r  found t h a t  e i t h e r  the  brand o f  RPMI used 
gave s u b o p t im a l  p a r a s i t e  g row th  o r ,  t h a t  the  i s o l a t e  as a whole 
d id  not adapt to cu l tu re .
I s o l a t e  AF was s u c c e s s f u l l y  c lo ned ,  i n  the  presence o f  a 
feeder c e l l  la ye r  o f  PWCS, from a cryopreserved blood sample. A 
t o t a l  o f  16 c lones were obtained and the an t igen ic  d i v e r s i t y  o f  14
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o f  thes e  was i n v e s t i g a t e d  us in g  M cBr ide 's  McAbs as d e s c r ib e d  
above. These McAbs i n d i c a t e d  t h a t  the  o r i g i n a l  i s o l a t e  was a 
m i x t u r e  o f  d i f f e r e n t  a n t i g e n i c  types  and 3  d i f f e r e n t  a n t i g e n i c  
t y p e s  c o u ld  be recogn ised  i n  the  d i f f e r e n t  c lones .  Three McAbs
CL
r e c o g n i s i n g ^ s c h i z o n t  a n t ig e n  o f  200 kDa gave p o s i t i v e  r e s u l t s  
w i th  the o r i g i n a l  i s o la te  but did not react  w i th  any o f  the cloned 
p a ra s i te  populat ions.  This suggests tha t  the paras i te  popula t ions  
e x p r e s s i n g  these a n t ig e n s ,  wh ich  are p re s e n t  i n  the  o r i g i n a l  
i s o l a t e ,  were not cloned. This could s imply  be due to  chance, or 
because th e  p a r a s i t e s  s t i l l  have no t  adapted f o r  some reason or 
even because the re levant  ant igens have undergone va r ia t io n .
Three McAbs d id  not appear t o  r e a c t  w i t h  p a r a s i t e s  i n  the 
o r i g i n a l  i s o la te ,  but d id give p o s i t i v e  r e s u l t s  w i th  some o f  the 
c loned paras i tes .  Parasi tes expressing the re levant  ant igens may 
have been present in  the o r i g i n a l  i s o la te  at  very low frequencies 
and so could not be detected using a standard IFAT tes t .
A number o f  these McAbs have been used by McBride e t .  a l . 
(1985) (along w i th  other McAbs) to  i d e n t i f y  a fam i ly  o f  p ro te ins  
o f  b e tw e e n  190 and 200 kDa w h ic h  a re  s t r u c t u r a l l y  and 
a n t i g e n i c a l l y  diverse and which have been shown to be responsible 
f o r  much an t igen ic  d i v e r s i t y  i n  fa lc ipa rum .
The c u l t u r e  su p e rn a ta n ts  o f  i s o l a t e  AF and i t s  a s s o c ia te d  
clones were also inves t iga ted  w i th  regard to t h e i r  S ant igens. S 
an t igens are so lub le  m a la r ia l  p ro te ins  which are released in to  the 
p lasma or  c u l t u r e  medium when e r y t h r o c y t e s  ru p tu re  to  r e le a s e  
merozoi tes and which re ta in  t h e i r  s t a b i l i t y  and immunoreact iv i ty  
a f t e r  t r e a t m e n t  a t  100°C [ W i l s o n  e t_  a l .  1969].  Th is  work was
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c a r r i e d  ou t  by N. Bazarga a t  the  W a l t e r  and E l i s a  H a l l  M emor ia l  
I n s t i t u t e  o f  Medical Research, Melbourne, Aus t ra l ia .  I t  was found 
t h a t  the  c u l t u r e  s u p e rn a ta n ts  f rom the  m a j o r i t y  o f  the p a r a s i t e  
c lones (15/16) and from the o r i g i n a l  i s o la t e  contained the same S 
a n t i g e n  o f  1 4 5 -1 5 5  kDa, w h i l e  i n  1 c l o n e d  l i n e  t h i s  was 
approx imate ly  10 kDa la rge r  [N. Bazarga, personal communication] . 
These cloned paras i tes ,  the re fo re ,  show less an t igen ic  d i v e r s i t y  
w i th  regard to  t h e i r  S ant igens than i s  demonstrated by the McAbs 
aga ins t  blood stage ant igens. Thaithong et .  a l . (1984) have also 
found a great  deal o f  an t igen ic  d i v e r s i t y  by c lon ing an i s o la te  o f  
P. f a l c i p a r u m  and t e s t i n g  w i t h  the  same batch  o f  McAbs [McBr ide  
e t . a l . 1982] .  In  10 c lo nes  o f  1 i s o l a t e  f rom T ha i land  they 
recognised at  le a s t  5 d i f f e r e n t  combinat ions o f  an t igen ic  markers. 
These clones were also examined w i th  regard to  other characters,  
such as, isoenzymes, s u s c e p t i b i l i t y  to  a n t im a la r ia l s ,  the presence 
or absence o f  knobs on in fec ted  ery th rocy tes ,  and p ro te ins ,  and at 
l e a s t  7 d i f f e r e n t  types o f  clone were found. This i l l u s t r a t e s  the 
l a r g e  amount o f  p h e n o ty p ic  v a r i a t i o n  wh ich can be seen w i t h i n  a 
s i n g l e  i s o l a t e .  Tha i thong  e t  a l . (1984) do no t  r e p o r t  how long  
t h i s  Thai i s o la t e  had been in  c u l tu re  before c lon ing was ca r r ied  
o u t ,  bu t  i t  i s  l i k e l y  t h a t  the  p e r i o d  was g r e a te r  than 24 hours 
which was the case w i th  i s o la t e  AF.
I t  appears to  be the  adh e ren t  (macrophage en r ich ed )  PWC 
popu la t ion  which i s  most e f f e c t i v e  in  promot ing increased paras i te  
g ro w th .  Th is  i s  i n  agreement w i t h  the  f i n d i n g s  o f  P h i l l i p s  et  
a l .  (1987) who success fu l ly  used a feeder c e l l  layer  o f  PBMN5 fo r  
c u l t u r e s  o f  P. f a l c i p a r u m . Mouse PWCS have been used as feeder  
c e l l s  in  other  c u l tu re  systems. Nathan & Terry (1975) used mouse
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p e r i t o n e a l  macrophages as a feede r  c e l l  l a y e r  f o r  c u l t u r e s  o f  
mouse lymphoma L1210 c e l l s .  Bu tcher  & Clancy (1984),  however ,  
found t h a t  human PBMNS c o u ld  be s t i m u l a t o r y  or i n h i b i t o r y  to  
c u l t u r e s  o f  P. f a l c i p a r u m . The f a c t o r  wh ich was i n h i b i t o r y  to  
pa ra s i te  growth appeared to  be released from monocytes w i t h i n  the 
f i r s t  24 hrs o f  t h e i r  c u l t u r e  and a f fec ted  i n t r a c e l l u l a r  pa ras i te  
g ro w th  i n  a mode s i m i l a r  t o  t h a t  d e s c r ib e d  by Jensen e t  a l .  
(1983) f o r  human Sudanese sera .  Because o f  these s i m i l a r i t i e s  
Bu tche r  & Clancy (1984) suggest  t h a t  the 2 m o lecu les  may be the 
same. I t  has been r e p o r t e d  t h a t  a l a r g e  number o f  f a c t o r s  are 
released by monocytes and macrophages, in c lud ing  tumour necrosis 
f a c to r  (TNF) [C la rk  1978], polyamine oxidase [Morgan & Christenson 
1983] and f r e e  r a d i c a l s  [ C l a r k  & Hunt 1983] and a l l  o f  these 
fa c to rs  may be c y to to x ic  to  mala r ia  paras i tes .  Mathews (1981) has 
shown t h a t  f a c t o r s  c y t o t o x i c  to  tumour  c e l l s  are a l s o  re le a s e d  
from human monocytes dur ing the f i r s t  24 hours o f  t h e i r  cu l tu re .
There i s  no ev idence  to  suggest  t h a t  a p a r a s i t e  i n h i b i t o r y  
f a c to r  i s  released from p e r i ton ea l  macrophages. I t  i s  i n t e r e s t i n g  
to note th a t  when PWCS were cu l tu red  p r i o r  to  use and the c u l tu re  
medium was not r e p le n i s h e d  u n t i l  24 hours a f t e r  p a r a s i t e s  were 
added to  the PWCS, 3 day old PWCS supported s l i g h t l y  less pa ras i te  
m u l t i p l i c a t i o n  than 0, 1 or 3 day old PWCS. This suggests tha t  a 
f a c t o r  wh ich l i  m i t s  p a r a s i t e  m u l t i p l i c a t i o n  may have been 
accumulat ing in  the c u l tu re  medium. PWCS cu l tu red  under the same 
c o n d i t i o n s  f o r  5 days b e fo re  use supported higher paras i taemias 
than the  3 day o ld  PWCS, wh ich  does n o t ,  however s u p p o r t  t h i s  
suggestion.  One poss ib le  explanat ion  o f  these re s u l t s  may be tha t  
the PWCS are u t i l i z i n g  some essen t ia l  growth fa c to r  and once the
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l e v e l s  o f  t h i s  g row th  f a c t o r  f a l l  below a c e r t a i n  l e v e l ,  they  
produce t h i s  f a c t o r  wh ich  i s  then re le a s e d  i n t o  th e  c u l t u r e  
medium.
I t  has been shown th a t  mouse PWCS can be used success fu l ly  as 
f e e d e r  c e l l s  i n  c u l t u r e s  o f  f a l c i p a r u m . I t  w o u ld ,
never theless,  be more convenient i f  a s u i ta b le  c e l l  l i n e  could be 
found to  replace PWCS and dispense w i th  the need to  use mice as a 
source o f  feeder c e l l s .  Three human c e l l  l i n e s  were, the re fo re ,  
t e s t e d  as p o t e n t i a l  f eede r  c e l l s  f o r  c u l t u r e s  o f  P. f a l c i p a r u m , 
and were s e l e c te d  on accoun t  o f  t h e i r  a v a i l a b i l i t y  and ease o f  
c u l t i v a t i o n ;  they  were R a j i ,  143 and K562. In  the  system used 
these c e l l  l i n e s  were found not to be e f f e c t i v e  as feeder c e l l s .
Mazier e t  a l . (1984) also reported te s t i n g  a number o f  c e l l  
l i n e s  as p o t e n t i a l  f eede r  c e l l s  f o r  c u l t u r e s  o f  P^ f a l c i p a r u m . 
Th is  group t e s t e d  2 human hepatoma c e l l  l i n e s  (HEPG2 and PLC 
PRFS), 1 r a t  hepatoma c e l l  l i n e  (FAZA), human embryonic and l i v e r  
f i b r o b la s t s  and r a t  l i v e r  e p i t h e l i a l  c e l l s ,  but in  the system used 
these  c e l l s  were no t  e f f e c t i v e  i n  p ro m o t in g  an in c re a s e  i n  
p a r a s i t e  g row th .  Th is  group d id ,  however,  s u c c e s s f u l l y  use a 
feeder c e l l  la ye r  o f  rodent hepatocytes c o -c u l t i v a te d  w i th  a l i v e r  
e p i t h e l i a l  c e l l  l i n e  to  promote increased growth o f  _F\_ fa lc ipa rum . 
M az ie r  e t  a l . 1984 suggest  t h a t  hepa tocy tes  may a c t  as feede r  
c e l l s  by removing t o x i c  metabo l i tes  from the c u l tu re  medium or by 
s u p p ly in g  n u t r i e n t s  wh ich are  e i t h e r  absent  f rom the  c u l t u r e  
medium or are only present in  a smal l  amounts. Hepatocytes have 
the capaci ty  to  produce a number o f  fac to rs  in c lud ing  p ro te ins  and 
they  can a l s o  r e c y c l e  l a c t i c  a c id  v i a  the  Krebs c y c le .  Th is  was
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c o n s id e re d  im p o r t a n t  as m a la r i a  p a r a s i t e s  produce l a c t i c  a c id  
[Jensen et  a l . 1983B] which causes a c i d i f i c a t i o n  o f  the cu l tu re  
medium and t h i s  can lead  to  an i n h i b i t i o n  o f  p a r a s i t e  g row th .  
T h is  i n i t i a l  h y p o th e s is  i s  no t ,  however,  c o n s i s t e n t  w i t h  the 
r e s u l t s  obtained w i th  hepatocyle c u l tu re  supernatants.  Hepatocyte 
cond i t ioned medium promoted p a r a s i t e  m u l t i p l i c a t i o n  r a te s  on ly  
s l i g h t l y  i n f e r i o r  to those promoted by c u l tu re s  w i th  hepatocytes 
as feede r  c e l l s .  M az ie r  e t  a l . (1984) a l s o  r e p o r t  t h a t ,  f rom 
these  r e s u l t s ,  i t  appears t h a t  i n  t h i s  system the  observed 
improvement in  pa ras i te  m u l t i p l i c a t i o n  i s  re la ted  to  a func t ion  o f  
f u l l y  d i f f e r e n t i a t e d  hep a to cy te s  as, no feede r  c e l l  e f f e c t  was 
seen w i th  f i b r o b la s t s  or e p i t h e l i a l  c e l l s .  Many o f  the func t ions 
e x h i b i t e d  by h e p a t o c y t e s  a re  a l s o  shown by t h e  h i g h l y  
d i f f e r e n t i a t e d  human l i v e r  carcinoma HEP G2. However Mazier et  
a l . (1984) found t h a t  t h i s  c e l l  l i n e  leads  to  a c c e le r a t e d  medium 
e x h a u s t io n  because i t  c o n t in u e s  to  grow r a p i d l y  once the c e l l s  
have reached conf luence. This may have also been a problem wi th  
the  R a j i ,  143 and K562 c e l l s  when they were t e s te d  as feeder  
c e l l s .
Although human f i b r o b la s t s  were not e f f e c t i v e  as feeder c e l l s  
f o r  c u l t u r e s  o f  P. f a l c i p a r u m  [ M a z ie r  e t  a l . 1984],  f i b r o b l a s t s  
have been used as feeder  c e l l s  i n  a v a r i e t y  o f  o th e r  systems. 
Human f i b r o b la s t s  have success fu l ly  been used as feeder c e l l s  for  
c u l tu re s  o f  rodent parenchymal hepatocytes [Michalopoulos et a l . 
1979] and mouse lymphoma c e l l s  [R he inw o ld  and Green 1973]. 
Mammalian f i b r o b la s t s  have also been used as feeder c e l l s  fo r  the 
successful  c u l t i v a t i o n  o f  bloodstream form trypanosomes [ H i r u m i  
e t  a l .  1977, Brun e^_ a l .  1981].  Brun e t_  a l .  (1981) used
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f i b r o b l a s t  l i k e  c e l l s  d e r i v e d  from the embryos o f  New Zealand 
wh ite  r a b b i ts  or from the mountain vole, Mic ro tus  monitanus. M. 
montanus c e l l s  were t e s te d  as feede r  c e l l s  f o r  c u l t u r e s  o f  P. 
fa lc iparum and were found to  be as e f f e c t i v e  as PWCS in  promoting 
an increase in  pa ras i te  m u l t i p l i c a t i o n .
E f f o r t s  have been made to  d e te rm in e  the  mode o f  a c t i o n  o f  
feede r  c e l l s  on c u l t u r e s  o f  b loods t ream  stage trypanosomes. 
Tanner (1980) found tha t  f i b r o b l a s t  cond i t ioned medium, which was 
no t  f r o z e n  b e fo re  use, was no t  e f f e c t i v e  i n  p ro m o t in g  s u s ta in e d  
trypanosome growth.  Paras i tes cu l tu red  in  3 hr cond i t ioned medium 
died w i t h in  6 hrs,  6 hr condi t ioned medium had a s l i g h t  e f f e c t  on 
p a r a s i t e  s u r v i v a l  and 12 h r  c o n d i t i o n e d  medium suppor ted  the 
s u r v i v a l  o f  trypanosomes as in fe c t io u s  bloodstream forms fo r  up to 
48 h. B u t  t h i s  was a t  a much l o w e r  l e v e l  t h a n  t h a t  o f  
trypanosomes cu l tu red  w i th  a feeder c e l l  layer.  PWC condi t ioned 
medium which had been stored at  -20°C before use was also found to 
be i n e f f e c t i v e  in  promot ing an increase in  the m u l t i p l i c a t i o n  rate 
o f  P. f a l c i p a r u m . These f i n d i n g s  c o n t r a s t  w i t h  those o f  Maz ie r  
e t  a l . (1984) who found t h a t  medium c o n d i t i o n e d  by hepa tocy tes  
gave pa ras i te  m u l t i p l i c a t i o n  ra tes  only s l i g h t l y  i n f e r i o r  to  those 
in  c u l tu res  w i th  hepatocytes as feeder c e l l s ,  even when the medium 
had been stored at  -20°C before use.
I t  i s  i n t e r e s t i n g  to  no te  t h a t  medium which had been i n  
c o n t a c t  w i t h  PWCS f o r  24 h rs  im m e d ia te l y  b e fo re  use was ab le  to  
s t i m u l a t e  some i n c r e a s e  i n  t h e  m u l t i p l i c a t i o n  r a t e  o f  P. 
f a l c i p a r u m , a l th o u g h  t h i s  was le s s  than t h a t  promoted by PWCS. 
I s h i i  et a l .  (1981) have also shown tha t  c u l tu re  medium which had
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been i n  c o n t a c t  w i t h  feede r  c e l l s ,  (IMR 90 c e l l s )  f o r  between 3 
and 24 hours  under  no rm a l  c u l t u r e  c o n d i t i o n s  had a s l i g h t  but 
s i g n i f i c a n t  e f f e c t  on promot ing the growth and v i a b i l i t y  o f  L1210 
c e l l s .  Th is  e f f e c t  was improved by i n c r e a s i n g  the  t im e  o f  
c o n d i t io n in g .  When the medium was stored at  4°C fo r  24 hrs before 
use i t ,  no longer,  however, had a s t im u la to r y  e f f e c t  on the L1210 
c e l l s .
I t  appears  t h e r e f o r e  t h a t  c o n d i t i o n e d  medium has s i m i l a r  
p r o p e r t i e s  i n  a l l  these  systems.  Both I s h i i  e t  a l . (1981) and 
Tanner (1980) sugges t  t h a t  t h e i r  feede r  c e l l s  are p roduc ing  a 
growth and/or v i a b i l i t y  f a c to r  and tha t  t h i s  f a c to r  i s  unstable.  
This would also appear to  be the case w i th  PWCS.
When p a ra s i t i s e d  ery th rocy tes  were separated from the feeder 
c e l l  l a y e r  o f  PWCS by a M i l l i p o r e  f i l t e r ,  pa ras i te  m u l t i p l i c a t i o n  
was i n h i b i t e d .  A s i m i l a r  r e s u l t  has been found by Tanner (1980) 
i n  the f ib rob las t - t rypanosom e c u l tu re  system, who showed tha t  the 
i n h i b i t i o n  o f  g ro w th  was not due to  adverse  r e a c t i o n s  to  the 
m a t e r i a l  o f  the  f i l t e r s .  In  the  P_^  f a l c i p a r u m  PWC system the 
i n s e r t s  a l o n e  we re  f o u n d  t o  be i n h i b i t o r y  t o  p a r a s i t e  
m u l t i p l i c a t i o n ;  i t  was the re fo re  impossib le  to  conf i rm Tanners 
conc lus ion t h a t  the decreased pa ras i te  m u l t i p l i c a t i o n  was due to 
too great  a d i f f u s i o n  path between the two c e l l  types.
The requirement o f  bloodstream form trypanosomes fo r  feeder 
c e l l s  i n  v i t r o  can be re p la c e d  by medium supp lemented w i t h  L 
cys te ine  [Duszenko et  a l . 1985]. Mousfc lymphoma L1210 c e l l s  have 
also  been success fu l ly  es tab l ished in  c u l tu re  w i thou t  feeder c e l l s  
i n  medium supplemented w i th  L cys te ine [Dixon e t  a l . 1966, Broome
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& Jeng 1972]. When c u l tu re s  o f  P^ fa lc iparum ere grown, w i thou t  
PWCS, but in  medium which was supplemented w i th  L cys te ine  a t  12 
hour i n t e r v a l s  an increase in  paras i te  g rowth was observed. I t  
t h e re fo re  appears t h a t  one ro le  o f  PWCS as feeder c e l l s  may be to 
s u p p ly  L c y s t e i n e  c o n t i n u o u s l y .  Suppor t  f o r  t h i s  h y p o th e s is  i s  
provided by the observat ion  t h a t  the growth o f  L1210 c e l l s  can be 
p romoted by mouse p e r i t o n e a l  macrophages [Nathan & Te r ry  1975, 
I s h i i  et  a l . 1981] i n d i c a t i n g  tha t  these feeder c e l l s  can supply 
the  c y s t e i n e  r e q u i r e d  by the  L1210 c e l l s .  F u r t h e r  ev idence  i s  
p r o v id e d  by I s h i i  e t  a l . 1981 who have a l s o  shown t h a t  mouse 
e r i t o n e a l  macrophages produce t h i o l s  i_n v i t r o .
I t  i s  w o r th  n o t i n g  a t  t h i s  p o i n t  t h a t  i r r a d i a t e d  PWCS were 
found to  be le s s  e f f e c t i v e  than normal PWCS i n  p ro m o t in g  an 
i n c r e a s e  i n  p a r a s i t e  m u l t i p l i c a t i o n .  I r r a d i a t i o n  causes the 
p roduc t ion  o f  ion ized  molecules from biomolecu les,  so i t  leads to 
the fo rm a t ion  o f  ext remely  unstable ions or f ree  ra d ic a ls  when i t  
passes through l i v i n g  matter  [Br idges 1976] and i t  i s  also known 
t h a t  i r r a d i a t i o n  can cause var ious kinds o f  s t r u c t u r a l  a l t e r a t io n s  
and l e s i o n s  i n  c e l l u l a r  DNA [L e h n in g e r  1982] .  I t  i s  l i k e l y  
t h e r e f o r e ,  t h a t  i r r a d i a t e d  p e r i t o n e a l  macrophages had been 
d is rup ted  m e ta b o l i c a l l y  and t h i s  may have impa ired  t h e i r  a b i l i t y  
to  produce t h i o l s  j jn v i t r o .
C y s te in e  i s  an e s s e n t i a l  amino a c id  f o r  many types  o f  
c u l tu re d  mammalian c e l l s  and most c u l tu re  media conta in  cyste ine 
or cys t ine .  Cysteine i s  however unstable and i s  r a p id l y  converted 
to  cys t ine  by a u to -ox ida t ion  [Toohey 1975].
Duszenko et  a l . (1985) have shown th a t  trypanosomes can only 
u t i l i z e  c y s t e i n e  and not  c y s t i n e ,  and I s h i i  e t  a l . (1981) found
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t h a t  when c y s t i n e  was added to  c u l t u r e  medium under the same 
c o n d i t io n s  as cys te ine  no growth promot ing e f f e c t  on L1210 c e l l s  
was observed. This may exp la in  why PWC cond i t ioned medium which 
had been s t o r e d  b e fo r e  use was no t  a b le  t o  promote  in c rea sed  
p a r a s i t e  g ro w th  and why c y s t e in e  supp lem en ted  medium was on ly  
e f f e c t i v e  when f re s h ly  prepared every 12 hrs.  In both cases the 
cys te ine  may have been ox id ised to cys t ine .
M a l a r i a  p a r a s i t e s  can on ly  s y n t h e s i s e  a l i m i t e d  number o f  
amino ac ids,  but  both paras i tes  and in fe c te d  ery th rocy tes  have the 
a b i l i t y  to  take up f ree  amino acide from the ex te rna l  environment. 
C y s te in e  i s  p r e s e n t  i n  human serum a t  low l e v e l s  bu t  even when 
s u p p l i e d  a t  h i g h e r  l e v e l s  i s  p o o r l y  i n c o r p o r a t e d  i n t o  p a r a s i t e  
p ro te in s  [Sherman 1979]. I t  i s  i n t e r e s t i n g  to  note at  t h i s  po in t  
t h a t  the concen t ra t ion  o f  L cys te ine  which promoted the greatest  
increase i n  p a ra s i te  m u l t i p l i c a t i o n  was 2.0 x 10“ ^m which i s  close 
to  the cys te ine  concentra t ion  in  human serum at approximately 1.3 
x 10~^m [Br igham et  a l . 1960].
I t  has been shown t h a t  k n o w le s i  i n f e c t e d  e r y t h r o c y t e s  
accumulate c ys t ine ,  along w i th  i s o leu c ine ,  methionine, leuc ine and 
h i s t i d i n e ,  bu t  no da ta  r e g a r d in g  the  up take  o f  c y s t i n e  and 
c y s t e i n e  by Pj_ f a l c i p a r u m  i n f e c t e d  e r y t h r o c y t e s  has been 
pub l ished.
Duszenko e t  a l .  1983 found t h a t  the  a d d i t i o n  o f  reduc ing  
agents such as 2-mercaptoethanol (2ME) or t h i o g l y c e r o l  to cu l tu re  
medium would support  the growth o f  t rypanosomes, wh i le  Broome & 
Jeng (1973) and I s h i i  e t  a l . (1981) r e p o r t  t h a t  L1210 c e l l s  w i l l  
a lso  grow w i th ou t  feeder c e l l s  in  medium con ta in ing  2ME.
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Nathan and Terry (1975) have shown t h a t  the DNA synthesis o f  
a number o f  m u r i n g  l y m p h o m a s  was s t i m u l a t e d  i n  v i t r o  by normal 
mouse p e r i t o n e a l  macrophages, and t h a t  these lymphomas could also 
be s t i m u l a t e d  by 2ME. B a l t z  e t  a l . (1985) a l s o  r e p o r te d  the 
g r o w th  o f  7^ b r u c e i , T. equ ip e rd u m , T. rhodes iense  and T. 
gambiense a x e n ic a l l y  in  media supplemented w i th  2ME. However, in  
t h i s  study 2ME supplemented medium was found to  be less e f fe c t i v e  
than e i t h e r  cys te ine  or PWCS in  promoting increased m u l t i p l i c a t i o n  
o f  F\_ f a l c i p a r u m .
Dusenko e t  a l . (1975) suggest  t h a t  2ME s u s t a in s  the  g row th  
o f  trypanosomes by reducing cys t ine  (which cannot be u t i l i z e d  by 
t rypanosom es)  to  c y s t e in e .  The r e s u l t s  o f  I s h i i  e t .  a l . (1981) 
s ugg es t  t h a t  the  most i m p o r t a n t  r o l e  o f  2ME i s  to  enhance the 
u t i l i z a t i o n  o f  e x t r a c e l l u l a r  c y s t i n e  by the  c e l l s .  But the 
f u n c t i o n  o f  2 ME does not  appear t o  be m e re ly  the  p r o d u c t i o n  o f  
cys te ine  from cys t ine  in  the medium. These workers also suggest 
t h a t  a mixed d i s u l p h i d e  o f  2ME and c y s t e i n e  i s  formed i n  the 
c u l t u r e  medium and i s  taken up by the L1210 c e l l s  at  a r e l a t i v e l y  
h ig h  r a t e .  The 2ME may be used r e p e a t e d l y  as a c a r r i e r  o f  
c y s t e i n e .  T h is  l a t t e r  s u g g e s t io n  i s  o f  p a r t i c u l a r  i n t e r e s t  as 
Sherman and T a n ig o s h i  (1974) have shown t h a t  c y s t e in e  e n te r s  P. 
1 oph^rae p a r a s i t e s  by what appeared to  be a c a r r i e r  media ted 
process. I t  may be t h a t  the concentra t ion  o f  cys t ine  in  the RPMI 
(0.19 mM) wh ich  was used f o r  the  c u l t i v a t i o n  o f  P. f a l c i p a r u m  i s  
not the optimum requ ired fo r  the reac t ion  w i th  the amount o f  2ME 
which was added to  the medium.
P re l im in a ry  experiments using cryopreserved PWCS were ca r r ied  
ou t  w i t h  a v iew  s t r e a m l i n i n g  the  use o f  PWCS when c lo n in g  new
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i s o la t e s  o f  fa lc iparum as the p repara t ion  o f  la rge numbers o f  
PWCS i s  t im e  consuming and i t  i s  d es i ra b le  to  clone new i s o la te s  
as q u i c k l y  as p o s s i b l e .  These p r e l i m i n a r y  e x p e r im e n ts  were 
d i s a p p o i n t i n g  however ,  as the  a b i l i t y  o f  c ry o p re s e rv e d  PWCS to  
p rom ote  an i n c re a s e  i n  the  m u l t i p l i c a t i o n  r a t e  o f  P. f a l c i p a r u m  
c u l tu r e s  dec l ined qu ic k ly ,  probably due to  a dec l ine  i n  macrophage 
v i a b i l i t y  dur ing storage at  -70°C.
I t  has been shown th a t  montanus c e l l s  can be as e f f e c t i v e  
as PWCS i n  p r o m o t in g  in c re a s e d  m u l t i p l i c a t i o n  i n  P. f a l c i p a r u m  
cu l tu res .  Therefore PL_ montanus c e l l s  may lead to  an increase in  
the c lon ing  e f f i c i e n c y  o f  P. fa lc iparum to  the same extent  as tha t  
observed w i th  PWCS. I t  would be wo r thwh i le  ca r ry ing  out c lon ing  
exper iments using a feeder c e l l  la y e r  o f  PL_ montanus c e l l s .  These 
c e l l s  can be r o u t i n e l y  m a in ta in e d  i n  c u l t u r e  and c o u ld  be 
c o n v e n i e n t l y  a v a i l a b l e  a t  a l l  t im e s ,  so making the  c l o n i n g  
technique s im p le r  and less t ime consuming.
There are  a number o f  o t h e r  a reas  o f  work covered by t h i s  
p r o je c t  which are worthy o f  f u r t h e r  i n v e s t ig a t io n .
I t  has been shown t h a t  the  a d d i t i o n  o f  c y s t e in e  to  c u l t u r e  
medium can promote  an in c re a s e  i n  p a r a s i t e  m u l t i p l i c a t i o n .  I t  
would,  however, not  be p r a c t i c a l  to  use medium supplemented w i th  
cys te ine  f o r  the ro u t in e  maintenance o f  pa ras i te  cu l tu res  as the 
medium needs to  be f re s h ly  prepared and replaced at  i n t e r v a l s  o f  
n o t  more than  12 hours  to  ach ieve  an in c re a s e  i n  p a r a s i t e  
m u l t i p l i c a t i o n .  But i t  may be t h a t  by a d j u s t i n g  the  l e v e l s  o f  
c y s t i n e ,  c y s t e i n e  and 2ME i n  RPMI t h a t  t h i s  medium c o u ld  be 
im p roved  f o r  th e  c u l t i v a t i o n  o f  P. f a l c i p a r u m . As ve ry  l i t t l e
185
da ta  appears  to  be a v a i l a b l e  on t h i s  s u b j e c t  i t  would be o f  
i n t e r e s t  t o  c a r r y  ou t  up take  e x p e r im e n ts  us ing  ^ S - l a b e l l e d  
c y s t in e  and cys te ine  to  determine i f  and a t  what ra te  these amino 
ac ids  are taken up by fa lc iparum in fe c te d  ery th rocytes .
The c l o n e s  p r o d u c e d  f r o m  i s o l a t e  AF have o n l y  been 
cha rac te r ised  using a panel o f  McAbs (as descr ibed by McBride et .  
a l . 1982) and w i t h  re ga rd  to  t h e i r  s - a n t i g e n s .  In  v iew o f  the  
cons iderab le  d i v e r s i t y  shown by the c lones produced from a s in g le  
Tha i  i s o l a t e  [ T h a i th o n g  e t  a l .  1984] i t  would  be w o r t h w h i l e  
examining the clones produced from i s o l a t e  AF w i th  regard to o ther  
c h a r a c t e r s .  These c ou ld  i n c l u d e ,  isoenzymes, s u s c e p t i b i l i t y  to  
a n t im a l a r i a l s ,  the presence or absence o f  knobs on the sur face o f  
i n fe c te d  e ry th rocy tes ,  the a b i l i t y  to  produce gametocytes and the 
p a t te rn  o f  p ro te ins  exh ib i ted  on 2-d imens iona l  SD5 PAGE gels.
F i n a l l y  i t  would also be o f  i n t e r e s t  to  t e s t  c e l l  l i n e s  which 
have been success fu l ly  used in  o ther  systems as feeder c e l l s  f o r  
P. f a l c i p a r u m  c u l t u r e s ,  p a r t i c u l a r l y  those  c e l l  l i n e s  used by 
H i r u m i  e t  a l . (1979) f o r  the  c u l t i v a t i o n  b lood  st ream f rom 
trypanosomes and the c e l l  l i n e  IMR 90 which was used as a feeder 
c e l l  by I s h i i  et  a l . (1981) f o r  mouse lymphoma L1210 c e l l s .
Appendix
Phosphate Bu f fe rs  ( PBS)
1. I s o to n ic  PBS 
Stock s o lu t io n  
60 g Na2HP04 .12H20 
13.6 g NaH2P04 .2H20 
8.3 g NaCl.
made up to  1 l i t r e  w i th  d i s t i l l e d  H20
0.9% Sal ine 
9 g NaCl
made up to  1 l i t r e  w i th  d i s t i l l e d  H20 
Bu f fe r
40 mis stock
made up to  1 l i t r e  w i th  0.9% s a l in e  and adjusted to  pH 7.2 .
2. Giemsas1 Bu f fe r
3 g Na2 HP04
0.6 g KH2 P04
made up t o  1 l i t r e  w i t h  d i s t i l l e d  H20. pH a d ju s t e d  t o  7.2 
w i th  IN NaOH.
Media
1. RPMI 
Stock
10.4 g RPMI 1640 p o w d e re d  medium ( w i t h  L - g l u t a m i n e )  
(GIBCO).
3.94 g N2-hydroxye thy Ip ipe raz ine-N ' -2  ethame su lphon ic  acid 
(Hepes) (SIGMA).
Made up to  960 mis w i th  d i s t i l l e d  H20 and f i l t e r  s t e r i l i z e d  
( M i l l i p o r e  f i l t e r  s i z e  0.22 urn) and a l i q u o t e d  i n t o  100 ml 
b o t t l e s .  »
Incomplete RPMI 
100 mis RPMI
4.2 mis 3% (w/v) NaHCO^  ( f i l l e r  s t e r i l i z e d )
2.5 mg gentamycin sulphate  (SIGMA)
Complete RPMI
90 mis Incomplete RPMI
10 mis Human AB serum
2. Minimal E ssen t ia l  Medium (MEM)
Stock
9.7 g MEM powdered medium (w i th  non-essent ia l  amino acids,  
E a r l e ' s  s a l t s  and L-glu tamine)  (SIGMA)
5.94 g Hepes (SIGMA)
2.2 g Na HC03
Made up t o  1 l i t r e  w i t h  d i s t i l l e d  H20 (pH 7.2) ,  f i l t e r  
s t e r i l i z e d  ( M i l l i p o r e  f i l t e r  s ize  0.22 um) and a l iqu o te d  i n t o  
100 ml b o t t l e s .
Complete MEM 
85 mis stock MEM
15 mis Heat i n a c t i v a te d  ra b b i t  serum
Miscel laneous 
S o r b i t o l - q l y c e r o l  
380 g g ly c e ro l
39 g s o r b i t o l  (BDH)
6.3 g NaCl
Made up to  1 l i t r e  w i th  d i s t i l l e d  H20 and f i l t e r  s t e r i l i s e d .
5% D - S o rb i t o l .
5 g D - s o r b i t o l  (BDH)
Made up to  100 mis i n  PBS (pH 7.2) and f i l t e r  s t e r i l i z e d .
3.5% Sal ine
3.5 g NaCl
Made up to  100 mis i n  d i s t i l l e d  H20 and f i l t e r  s t e r i l i z e d .
4.5% Sal ine
4.5 g NaCl
Made up to  100 mis i n  d i s t i l l e d  H20 and f i l t e r  s t e r i l i z e d .
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